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Prior studies by D.C. recording have shown 
that cortical after-effects having a duration 
of one second or more ean follow the evoked 
response and spontaneously recurring strych- 
nine or veratrine spikes (Goldring and O’ 
Leary 1951; 1954, a and b). Summation of 
such after-effects has also been demonstrated 
during repetitive stimulation of optic nerve 
and lateral geniculate nucleus, or with sponta- 
neously appearing clusters of strychnine or 
veratrine spikes. To date we have noted that 
the polarity of after-effect is usually the same 
as that of the principal phase of the evoked 
response or spontaneous spike transient which 
precedes it. Thus, a negative after-effect fol- 
lows the principally negative strychnine 
spike, and a positive one, the positive vera- 
trine spike. In the ease of the diphasice evoked 
response (visual cortex) the after-effect may 
be diphasie (positive followed by negative), 
or principally positive or negative. The latter 
variability is believed to result from the 
algebraic summation of oppositely directed 
positive and negative components which differ 
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in their amplitude under different circum- 
stanees. Such a view is strengthened by ob- 
servations made during anoxia, in systemic 
failure, and subsequent to periods of con- 
vulsive discharge in the experimental animal. 
In these instances the evoked visual response 
becomes a positive transient due to disap- 
pearance of the more labile succeeding neg- 
ative wave. As it does so, after-effect posi- 
tivity increases if the change had been positive 
previously, or becomes positive if it had been 
diphasie or negative (Goldring, O’Leary and 
Lam 1954). 

Beyond identifying these cortical after- 
effects as conecomitants of neural activity, 
their relation to the quick transients is not 
clear at present. For example, neither positive 
nor negative after-effect has been observed to 
change excitability as inferred from the ampli- 
tude of sueceeding transients. Several alter- 
native propositions concerning after-effect 
need consideration. It may be: an active 
neural process different from that which oc- 
easions the evoked response (as is the after- 
potential of peripheral nerve) ; primary activ- 
ity eontinuing beyond the duration of the 
transients studied conventionally by ecapacity- 
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coupled amplifiers; a slow recovery of the 
resting state by re-polarization; or a field 
potential having an origin somehow different 
from the activity which occasions the pre- 
ceding transient. 


The above considerations suggest the im- 
portance of examining transients other than 
the evoked response using D.C. recording tech- 
niques. Cortical reeruiting (Dempsey and 
Morison 1942) has proved very satisfactory 
for this purpose. The latter may be elicited 
by low frequency stimulation, whereas high 
frequency stimulation (30-100/sec.) at the 
same parameters results in ‘‘activation’’ (Ma- 
goun 1956). Furthermore, the continuance 
into the post-stimulatory period of the D.C. 
change which accompanies a recruiting series 
makes this preparation ideal for examining 
the relation between cortical after-effect and 
excitability. Finally convulsoid activity may 
develop during prolonged stimulation of the 
mid-line thalamus. This permits comparing 
D.C. changes which accompany‘ paroxysm 
initiated from the thalamic intralaminar 
nuclei with the D.C. shifts which appear dur- 
ing convulsoid discharge initiated from thal- 
amic relay nuclei. 


METHODS 


Observations were made upon 25 rabbits 
and 10 cats. These were carried under light 
anesthesia or in an unanesthetized state. For 
the latter, after preliminary etherization, the 
cat was decerebrated; and the cord of the 
rabbit was transected at C-5. Recordings were 
commenced two hours after termination of 
anesthesia, bipolar stimulating electrodes 
being used. The latter were 75 » in diameter, 
insulated to their tips and having a tip separa- 
tion of 75-100 ». A Grass stimulator deliver- 
ing 30 V., 0.1 msee. at 6/see. or higher fre- 
quency was used routinely. 


Recording was transcortical (surface re- 
ference convention) utilizing non-polarizable 
calomel half-cells. In the rabbit records were 
obtained chiefly from precentral granular 
cortex but in several instances from the visual 
cortex instead. With one exception (gyrus 
proreus) records from the rostral cortex of 
the cat were obtained from the anterior supra- 
sylvian gyrus... Stimulating electrodes were 
introduced routinely into the nucleus centralis 


or paracentralis of the rabbit and VA (ven- 
tralis anterior) of the cat with the sole object 
of selecting a point from which a low threshold 
recruiting response could be obtained. The 
tip was electrolyzed later and its position 
checked histologically. A capacity coupled 
electroencephalograph was used to monitor 
the SP (steady potential) across the cortex by 
short-circuiting the input 8 times per second. 
A potentiometer in series with animal and am- 
plifier served to balance the initial and any 
subsequently developing potential difference 
across the cortex, and the counter-voltage 
necessary to achieve a balance could then be 
read directly from the potentiometer. Details 
are provided in a previous study (Goldring 
and O’Leary 1951). A D.C. amplifier, oscillo- 
graph and camera were used to record the 
recruiting transients and accompanying D.C. 
change. 


RESULTS 


1. D.C. Change Associated with Cortical Re- 
cruiting. The response to a single stimulus 
given the intralaminar nuclei of the rabbit 
thalamus is relatively low voltage positive- 
negative transient, and this is followed by a 
negative after-effect having a duration of 
200-300 msec. The latter part of this after- 
effect may be followed by 10-12/sec. waves 
(fig. 1A). second stimulus delivered 
during the after-negativity results in a higher 
voltage transient in which the negative (re- 
eruiting) component shows significantly in- 
creased voltage (fig. 1 B and C). The size of 
the second transient bears no relation to the 
after-negativity voltage (compare second re- 
sponses in fig. 1 E and C), but does relate to 
the frequency of stimulation. 


In the rabbit the optimum stimulus fre- 
queney for recruiting is 5-6/see. As the fre- 
quency is increased from 1-6/see. there is sum- 
mation of the negative after-effects of indi- 
vidual transients; at 6/see. it is not unusual 
for a 500 pV. D.C. shift to develop and outlast 
the stimulus period by 1-2 see. (fig. 1 B-I*). 
In some experiments (rabbit) the negative 
recruiting wave is followed by a lower positive 
one which endures from 0.8 to 1.0 sec. In these 
instances the negative D.C. shift which ac- 
companies the recruiting series is a relatively 
minor one. 
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CORTICAL D.C. CHANGES WITH INTRALAMINAR STIMULATION 


In the decerebrate cat stimulation of VA 
usually elicited a recruiting series like those 
seen in rabbits in which the recruiting wave 
was followed by a positive after-effect. With 
repetitive stimulation at 6-10/see. either no 


Fig. 1 

D.C. change associated with cortical recruiting in the 
rabbit. A-E, increasing frequencies of stimulation 
from 1-6/see. Note that it is the negative after-effect 
seen in A, which summates to produce the D.C. shift 
observed with repetitive stimulation in C-F. Vertical 
line of right angle = 500 wV.; horizontal line = 20 
msec. In all figures negative polarity is down. 


subsequent D.C. change or a slight positive 
shift accompanies cortical recruiting (fig. 3 
A and B). The positive change was shown to 
be due to a summation of third positive phases 
which follow each negative component during 
low frequency recruiting. With high fre- 
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quency stimulation these positivities become 
obliterated. The result is that a negative D.C. 
change now develops during the period of 
stimulation (fig. 3 E). 

Under apparently normal circumstance 
recruiting was seen occasionally in which the 


A 


() 


Fig. 2 
Cortical D.C. change incident to increasing frequency 


of midline thalamic stimulation in the rabbit. A — 
6/see., B = 15/seec., C = 20/see., D = 30/sec. E is 
a continuation of the record in D. Period of stimula- 
tion in A through D is one see. Break in line in E 
represents time interval of 5 see. Vertical line of 
right angle = 500 yuV.; horizontal line = 20 msec. 


principal wave components were positive in 
polarity. In these instances the D.C. change 
which accompanied recruiting was also pos- 
itive. To obtain more data for establishing 
correlations between polarity of recruiting 
response and of the accompanying D.C. 
change, veratrine 10~* was applied to the sur- 
face of rabbit cortex. It was chosen because 
in prior studies (Goldring and O’Leary 1954) 
it caused conversion of the diphasic evoked 
response and of negatively spiked barbiturate 
spindles to positively directed components. 
In the present instance veratrine, applied to 
an area from which negative recruiting waves 
and an associated negative D.C. change were 
obtained, converted both recruiting transients 
and the D.C. accompanient to positive polar- 


ity. 

2. Cortical D.C, Change Incident to Increas- 
ing Frequency of Midline Thalamic Stimula- 
tion. Raising the frequeney above 10/see. 
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Fig. 3 

Cortical D.C. change incident to increasing frequency 
of midline thalamic stimulation in the cat. A = 
1/sec., B = 6/sec., C = 10/sec., D = 20/sec., E = 
50/sec., F — 100/sec. In A, a 10/see. spindle follows 
the response to a single stimulus. Period of stimula- 
tion in B through F is one sec. Vertical line in right 
angle is 500 yV.; horizontal line is 20 msec. 


(rabbit) and also beyond that which produces 
optimum recruiting increases the amplitude 
and duration of D.C. change. When the intra- 
laminar nuclei were stimulated for 1 see. at 
30/sec. a negative D.C. shift of as much as 1 


Fig. 4 
Cortical D.C. change incident to prolonged stimulation 
of the midline thalamus in the cat. Frequency of stim- 
ulation is 15/see. B is a continuation of the record 
shown in A. A 3 see. strip of record has been omitted 
between B and C. Vertical line of right angle is 500 
uV.; horizontal line is one see. 


mV. might occur, that change persisting for 
as long as 5-7 sec. into the post-stimulatory 
period (fig. 2, D and E). Even though the 
single responses to repetitive stimulation at 
this frequency became reduced to negligible 
amplitude, the usual cortical ECG was ‘‘activ- 
ated’’ (Magoun 1956) during the D.C. shift. 
In rabbit experiments in which the recruit- 
ing wave showed a terminal positive com- 
ponent on low frequency stimulation, and in 
cats where that was usually the case, the neg- 
ative D.C. shift was not nearly so prominent 
with stimuli at 30/sec. or more (fig. 3 F). 


3. Cortical D.C. Change Incident to Prolonged 
Stimulation of the Midline Thalamus. Stim- 
ulation of the intralaminar nuclei for periods 
as long as 10-15 see. at frequencies of 15- 
20/sec. eaused the D.C. shift to become pro- 
gressively less evident as stimulation was con- 


Fig. 5 

Excitability of cortical neurones during negative D.C. 
change. Record is taken from the cat. Frequency of 
stimulation in both conditioning and test responses 
is 15/see. Note that in A and B the recruiting series 
is smaller when elicited during the after-negativity of 
a preceding recruitment response. However, the first 
transient of the tested series is larger than the first 
of the conditioning one. Vertical line of right angle 
is 1 mV.; horizontal line is one see. 


tinued, the D.C. approaching the pre-stim- 
ulatory SP. In this circumstance there was a 
positive rebound at the end of stimulation 
and this could last 20-30 sec. into the post- 
stimulatory period (fig. 4). During the after- 
positivity the ECG showed a low voltage pat- 
tern. The above described pattern of D.C. 
change with prolonged stimulation was much 
more common in the cat where the immediate 
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response to a single stimulus was usually fol- 
lowed by a low voltage long-lasting positivity. 
In the rabbit, where the immediate response 
was more commonly followed by a negative 
after effect, the negative D.C. change with 
prolonged stimulation was also reduced. How- 
ever, here the positive shift did not always 
appear in the post-stimulatory period, or if 
it did so, revealed itself as a minor change. 


4. Excitability of Cortical Neurones during 
Negative and Positive D.C. Changes. Excit- 
ability was examined by occasioning a test 


Fig. 6 

Excitability of cortical neurones during positive D.C. 
change. Record is taken from cat. Frequency of 
stimulation in A through D is 6/see. A is a control 
recruiting response. B, marked decrease in size of 
respouse during the start of a positive D.C. shift 
which followed a 12 sec. period of stimulation of the 
midline thalamus at a rate of 15/sec. The amplitude 
of positive D.C. shift can be seen by noting the degree 
of separation between the line upon which the tran- 
sients are written and the horizontal straight line re- 
presenting the pre-stimulatory base-line. C, partial 
recovery in size of the recruiting series as the positive 
D.C. shift decreases in amplitude. D, complete recovery 
of the tested response with return of the positive D.C. 
shift to the pre-stimulatory base-line. Vertical line of 
right angle = 500 ywV.; horizontal line = 1 see. 


recruiting series during the after-negativity 
which followed a preceding conditioning re- 
eruitment, and also during the positive D.C. 
shift incident to prolonged stimulation of the 
intralaminar nuclei. In all instances the am- 
plitude of each test was compared with that 
of the conditioning series. The amplitude was 
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Fig. 7 
D.C. change accompanying cortical paroxysm induced 
by repetitive stimulation of V A nucleus in eat. A, 
negative D.C. shift with 20/see. stimulation. A 3 
sec. strip of record has been omitted between A and 
B. B, with continuation of stimulation there is an 
increase in negative D.C. change. C, upon cessation 
of stimulation (white dot) high voltage paroxysmal 
activity is in evidence and the steady potential remains 
shifted negatively. D, return of steady potential to 
the pre-stimulatory base-line with termination of 
paroxysm. E, positive shift of steady potential in 
the post-stimulatory iso-electriec period. Vertical line 
of right angle = 500 ywV.; horizontal line = 1 see. 


reduced during the post-stimulatory shift and 
returned toward normal as the SP approached 
its prestimulatory level (fig. 5 and 6). During 
a test series introduced during a negative D.C. 


Fig. 8 
Cortical D.C. change with repetitive stimulation of 
lateral geniculate: nucleus (A) and nucleus para- 
centralis (B) in the rabbit. Frequency of stimulation 
is 20/sec. Vertical line in right angle = 50 uzV.; 
horizontal line = 50 msec. 
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shift the first response was always larger 
than the first of a conditioning series, but the 
ensuing waves had a lower amplitude (fig. 5). 
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Fig. 9 

D.C. change accompanying cortical paroxysm induced 
by repetitive stimulation of the- lateral geniculate 
nucleus in the rabbit. Frequency of stimulation is 
10/seec. A, no D.C. change during beginning of stim- 
ulation. B, SP shifts positively at end of stimulation 
which is identified by vertical white line. C and D, 
steady potential continues to shift positively with 
increase in voltage of paroxysmal activity. E and F, 
steady potential shifts towards base-line and then 
negatively as paroxysm ends. G, further negative 
shift in steady potential with appearance of iso-electric 
record in post-stimulatory period. 


5. D.C. Changes Accompanying Cortical 
Paroxysm Induced by Repetitive Intralaminar 
or VA Stimulation. It was sometimes the case 
in either rabbit or cat that cortical paroxysm 
was initiated by stimulation. As the high 
voltage repetitive discharge continued into 


the post-stimulatory period, the SP shifted 
negatively and as the discharge became ir- 
regular and terminated SP returned towards 
the pre-stimulatory baseline. In the isoelec- 
tric period following the spike discharge SP 
crossed the baseline to shift positively but 
ultimately returned to its resting level as the 
ECG assumed its pre-stimulatory appearance 
(fig. 7). This sequence of changes is the op- 
posite of that initiated by stimulation in the 
thalamic re‘ay nuclei (Goldring and O’Leary 
1951). In the latter instance SP was observed 
to shift positively during the paroxysm and 
to become negative with post-ictal suppression. 

To verify this suggested difference be- 
tween stimulation of midline and relay nuclei 
paroxysms were occasioned from both in the 


Fig. 10 
D.C. change accompanying cortical paroxysm induced 
by repetitive stimulation of nucleus paracentralis in 
the rabbit. Frequency of stimulation is 20/see. A, 
negative D.C. change with start of stimulation. B, 
upon cessation of stimulation a paroxysm is in evidence 
and the steady potential remains shifted negatively. 
C, continuation of paroxysmal activity accompanied 
by a negative D.C. change. Vertical line of right 
angle = 500 yuV.; horizontal line = 50 msec. 


same rabbit. One pair of stimulating elec- 
trodes was placed in the nucleus paracentralis 
and the other in the lateral geniculate nucleus. 
Recording was done from the visual cortex. 
With stimulation of the lateral geniculate 
nucleus at 20/sec. either no D.C. or a minor 
positive one occurred during stimulation, but 
afterwards a negative change occurred lasting 
0.5 to 1 see. (fig. 8 A). If the period of stim- 
ulation lasted 5 to 15 sec. high voltage par- 
oxysm was readily produced. This was ac- 
companied by the usual positive change to 
relay nucleus stimulation. It became reduced 
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as the paroxysm broke up and SP shifted 
negatively during the post-paroxysmal period 
(fig. 9). By contrast stimulation of the mid- 
line thalamus (20/sec. for 1 sec.) produced 
a negative D.C. shift (fig. 8 B), and prolonged 
stimulation (5-15 see.) only occasionally re- 
sulted in paroxysm. When it did so the high 
voltage cortical discharge during the par- 
oxysm was accompanied by a negative D.C. 
change (fig. 10). 


DISCUSSION 


In evaluating the significance of the usual 
negative D.C. shift with recruiting in the rab- 
bit we are concerned with: (1) the part of 
the neurone in which it originates — Le., 
apical dendrite, soma, axon —, and (2) the 
components of potential derived from the 
summation of transients as distinguished from 
those arising through after-effect summation. 
By analogy with peripheral nerve, where an 
after-potential may follow the all-or-none 
spike, we define after-effect in the present 
instance as any neural process occurring sub- 
sequent to the negative recruiting transient. It 
is a fair surmise that both nerve after-poten- 
tials and the after-effects reported upon here- 
in have a similar origin, but so far their 
identity has not been established. 


Clare and Bishop (1955, 1956) have indi- 
eated a dendritic origin for recruiting tran- 
sients and in their study on apical dendrites 
showed a negative D.C. shift due to summation 
of transients with high frequency stimulation. 
Thus, when two stimuli are spaced so that the 
second is delivered within the time course of 
the response to the first stimulus (20 msec.), 
the dendrite is found to have no absolute re- 
fractory period and summation of graded re- 
sponse results. With repetitive stimulation 
at high frequencies the rising phase of each 
response may ensue at the start of the falling 
phase of the preceding one. The transients 
thus fuse into a relatively smooth curve, pro- 
ducing a persistent shift in the base line — 
a D.C. shift. Such a situation is evident in 
our record (fig. 2 D) where summated tran- 
sient, incident to high frequeney midline thal- 
amie stimulation, are seen as a ripple on the 
negatively shifted base line. Utilizing the 


findings of Clare and Bishop we interpret this 
record as evidence for a steady state of activ- 
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ity in dendrites. Sueh a steady state could 
occlude other manifestations of dendritic fune- 
tioning — for example, spontaneous activity. 
Thus, the record which results from high fre- 
queney stimulation, if recorded with capacity- 
coupled amplifiers, becomes ‘‘activation’’ in 
character (Magoun 1956); and we regard 
steady state as one factor in producing it. 


Besides the contribution of transients to 
the D.C. shift we believe that after-effect sum- 
mation is an important factor. Certainly, it 
alone accounts for the shift observed during 
low frequency stimulation where the temporal 
relationship of the transients precludes their 
summation (fig. 1). The persistence of D.C. 
shift into the post-stimulatory period is also 
best explained by summation of after-effect. 
Further, the minor positive shift in steady 
potential seen with recruitment in the eat and 
the failure in some animals to develop a major 
negative shift with high frequeney stimula- 
tion finds a more ready explanation in sum- 
mation of after-effects. Two polarities of 
after-effect can be shown to associate with 
recruiting response. The shortest lasting of 
these is the positive phase which follows im- 
mediately after the negative recruiting tran- 
sient in the cortex of the cat and sometimes 
of the rabbit. When this component is evident, 
it is our interpretation that its summation at 
low frequency stimulation exceeds that of any 
coincident negative D.C. shift, the net result 
being a positive shift. With high frequency 
stimulation thé positive component is obsecur- 
ed, and as this happens the expected negative 
shift develops. When positive after-effect is 
absent with low frequency stimulation, the 
negative D.C. shift with high frequency stim- 
ulation reaches a significantly greater ampli- 
tude than when it is present. Thus we infer 
that this component provides an opposing 
potential, even at high frequeney, which sums 
with the dominant negative shift and by 
algebraic summation subtracts from it. 


With long-sustained repetitive stimulation 
(10-15 sec.) the negative shift may recede 
toward the pre-stimulatory baseline and when 
stimulation is terminated under these cireum- 
stances the post-stimulatory period is char- 
acterized by a positive shift. The significance 
of these late effects cannot be assayed at this 
time. 
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The final consideration relates to convul- 
soid activity occurring during a negative D.C. 
shift in the case of repetitive intralaminar 
stimulation, as opposed to that appearing with 
a positive D.C. shift with repetitive stimula- 
tion in the thalamie relay nuclei. The dif- 
ference cannot be related alone to the depth 
in the cortex at which the convulsoid activity 
develops. In the instance of intralaminar stim- 
ulation the convulsoid discharge would appear 
to arise from excessive stimulation of den- 
drites, and in that of relay nucleus stimulation 
(King, Schricker and O’Leary 1953) from 
activation of cell somata. Yet both appear to 
have their origins in the superficial half of 
the cortex. This problem can only be settled 
by fractionation of the cortex by electrodes 
sufficiently stable to permit coincident record- 
ing of D.C. shift and the convulsoid transients. 


SUMMARY 


1. Cortical D.C. changes oceur incident to 
stimulation of the mid-line thalamus of rabbit 
and cat. 

2. At stimulating frequencies which elicit 
recruiting a negative D.C. shift ordinarily 
occurs in the rabbit. In the eat there is no 
shift or a minor positive one may occur. 

3. In the rabbit with high frequency stim- 
ulation a negative D.C. shift results which 
may obtain an amplitude of 1.5 mV. and 
persist for several seconds into the _ post- 
stimulatory period. In the cat there is also a 
negative shift, but it is usually less manifest 
than the rabbit. 

4. The D.C. shift with low frequency stim- 
ulation results from summation of after-effect. 
At high frequency stimulation the D.C. shift 
is accounted for by summation of transients 
as well as summation of after-effects and is 
regarded as a steady state of activity in den- 
drites. 

5. Prolonged stimulation (10-15/see.) may 
introduce other effects which occasion the 
return of the D.C. shift to the pre-stimulatory 
base line and post-stimulatory positivity. 


6. The after-effect following the initial re- 
sponse of a recruiting series is associated with 
increased excitability. The negative D.C. shift 
following brief repetitive stimulation and the 
positive one following prolonged (10-15 sec.) 
stimulation are associated with decreased 
excitability for a test recruiting series. 

7. Intense repetitive stimulation in the 
relay nuclei of the thalamus may occasion 
cortical paroxysm on a base line indicative 
of positive D.C. shift, whereas corresponding 
stimulation in the mid-line thalamus has been 
shown to relate to negative D.C. shift. At 
present no explanation can be offered for this 
difference. 
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The work of French and Magoun and col- 
leagues (1952, 1953) has shown the essential 
role of the brain stem reticular formation in 
EEG arousal. As an extralemniscal sensory 
system, it receives impulses via collaterals 
from the specific ascending sensory systems, 
and, as a diffuse activating system, causes 
the desynchronization of the electroencegralo- 
gram characteristic of the waking state. The 
question arises as to how the various afferent 
stimuli are differentiated so that indiscrimin- 
ate arousal with every sensory input does not 
occur. That such discrimination does take 
place is suggested in our everyday experience 
by arousal from sleep to ‘‘important’’ sounds, 
and sleeping through ‘‘inconsequential’’ 
sounds despite their greater intensity. Fur- 
ther, Fischgold (Jasper 1957) and Lairy- 
Bounes and Fischgold (1953) have found that 
the EEG of a stuporous patient can desyn- 
chronize to the calling of the patient’s name, 
whereas less significant auditory stimuli, and 
even pinching, leave the record unchanged. 


The ability of cortical stimuli to cause dif- 
fuse activation via the reticular formation 
demonstrated by French, Hernandez-Peon 
and Livingston (1955) suggests that discri- 
mination can occur by interactions of specific 
and non-specific systems at loci more rostral 
than brain stem tegmentum and can govern 
the general activation by the reticular forma- 
tion. On the other hand, evidence has been 
presented by Hernandez-Peén and Scherrer 
(1955) indicating that evoked responses in 
cochlear nucleus are blocked by reticular in- 
fluence in the process of habituation and that 
this blocking is differential, not occurring 


1 Work done as part of a career-investigator grant 
of the National Institute of Mental Health. 


with novel stimuli. It may be presumed that, 
at least with simpler afferent stimuli, the dis- 
criminatory functions can be accomplished at 
fairly caudal levels in conjunction with brain 
stem reticulum. 


Morrell and Jasper (1956) demonstrated 
cortical desynchronization as one of three 
types of EEG response occurring in sound- 
light conditioning and showed this to be a 
differential response in that it was absent 
when unreinforeed stimuli were presented. 


In a study not involving conditioning, but 
penetrating the phenomena of habituation, 
Sharpless and Jasper (1956) found differen- 
tial arousal responses specific to quality, 
modality or pattern of the stimulus. These 
responses were of two types: a less diseri- 
minating tonie form which correlated with 
infiuence of lower levels of ascending retic- 
ular system ; and a more differentiating phasic 
form correlating with function of higher 
(thalamic) levels of the unspecific and ad- 
jacent sensory systems. 


The purpose of the present study was to 
test the phenomenon of discriminated arousal 
from sleep utilizing affectively charged con- 
ditioning. 

TECHNIQUE 


Six cats with electrodes implanted prin- 
eipally on lateral and sigmoid gyri (one 
animal had deep implants), were classically 
conditioned while awake. This was accomplish- 
ed within 10-15 trials, to a tone of 10 see. 
duration (CS) by the presentation of a pain- 
ful 4% see. shock (US) delivered at the end 
of the tone, to the shaved skin under a per- 
manent harness. The animals were further 
exposed to this conditioning 20-50 times. All 
testing was done ‘‘on extinction’’ during 
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sleep. Training and testing took place in the 
same laboratory area, which was in a room 
separate from that housing the home cages. 
Neutral tones were sometimes presented in 
the waking state for testing discrimination 
and at other times were withheld in order that 
the cat’s first exposure to them would oceur 
while it was asleep. 

The cats were required to remain awake 
through the night preceding the day of test- 
ing by being placed in shallow water without 
opportunity to lie down. The next day, on 
being dried, fed, and placed in the darkened 
testing room, they remained curled up with 
eyes closed for several hours. Ambient noise 
could be minimized but not entirely eliminated 
since the animals were not in a soundproof 
testing room. However, with the above-de- 
scribed sleep-deprivation, the animals showed 
minimal or no behavioral or EEG arousal 
even to fairly intense extraneous but familiar 
sounds over which there was no experimental 
control, such as those of airplanes or water 
pipes. 

Sounds were produced by a Tektronix 
Stimulator output (two stimulators in the 
case of tone patterns) amplified and delivered 
to a loudspeaker one foot from the cat’s cage. 
Sound intensity was controlled by measuring, 
with a calibrated microphone and vacuum- 
tube voltmeter, the decibel level of tones used 
relative to an arbitrarily chosen 0-reference 
level. Neutral tones were always of intensities 
equal to and usually slightly greater than 
those of the conditioned tones. Frequencies 
used were from 25 to 1500 pulses per sec. 
Since the pulse generator produced square 
waves, the low frequencies represented rapidly 
repeated clicks, rather than the low tones of 
sine waves at those frequencies. The low fre- 
quencies were utilized to produce non-tonal 
sounds of marked qualitative difference from 
the pure tones of the higher frequencies. 

The various auditory stimuli were repeated 
many times to eliminate novel stimulation as 
a factor in EEG arousal. They were presented 
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at random intervals and in random order to 
eliminate monotony or periodicity as factors 
in adaptation. The intertrial interval varied 
from 2 to 20 min., depending on the sustained 
return of suitable EEG background. The 
animals were considered to have met criterion 
on the demonstration of 5 consecutive dif- 
ferential responses. 


Ablations of auditory cortex were accom- 
plished under direct visualization by use of 
electrocautery with needle penetrating to a 
depth of one centimeter. The location of cor- 
tical electrodes was verified by inspection at 
time of sacrifice and the deep placements (1 
cat) were verified histologically. 


RESULTS 


In all of the 6 cats used it was found that 
differential behavioral response to sounds was 
attained and revealed in the waking state by 
obvious flinching, cringing, defecation, urina- 
tion or cessation of eating or grooming on 
presentation of the conditioned stimulus, 
whereas no such behavior accompanied the 
neutral sound. When the animals were curled 
up with eyes closed in behavioral sleep, there 
was rarely any movement (usually seen only 
at the onset of testing) to suggest behavioral 
arousal to the conditioned stimulus, but the 
encephalogram demonstrated characteristic 
change from the synchronous pattern with 
spindles to low voltage fast activity. This 
change was not seen in relation to the neutral 
stimulus once the animal had ‘‘adapted it 
out’’. This process could be observed in its 
entirety if the animal was not exposed to 
neutral stimuli while awake. 

The animals very readily showed differen- 
tial EEG response to sounds of differing 
quality. Figure 1 demonstrates an animal 
negatively conditioned to 25 elicks per see. 
(quality of a drum-roll). The first presenta- 
tion of the neutral sound (a tone) which -was 
given during sleep, was accompanied by tran- 
sient and partial desynchronization. By the 
fourth presentation, however, the spindling 


Fig. 1 
Responses to neutral (240 ¢/see.) and conditioned (25 pulses/see.) stimuli with transient 
desynchronization to the first trial and subsequent adaptation (4th trial) and synchrony 
response (5th trial). Subsequent records show enhanced and maintained differential responses 
representative of the discriminations which were stable through the 30th trial. 
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continued throughout the stimulus (habitua-. 


tion or adaptation). When there was relatively 
little spindling in the background activity 
(5th trial), inereased spindling developed 
with the neutral tone. This phenomenon was 
observed on many occasions and could even 
be utilized at times to induce a background 
record having more spindles. The first pre- 


nization. On later presentations of the same 
sounds (18th trial in fig. 1) one sees 
even greater differences demonstrated in the 
responses to CS as compared with those to 
the neutral sound. After the differential 
responses were demonstrated in this way, it 
was frequently observed that EEG desyn- 
chronization was unaccompanied by a behav- 


DISCRIMINATION OF TWO TONES 
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Fig. 2 


Discrimination of differing tone frequencies rather than of differing sounds as shown in 
figure 1, First record shows early presentation of neutral stimulus, 384 ¢/sec., accompanied 
by transient desynchronization, disappearing on next trial of same tone (3rd record). Second 
and fourth records show the sustained desynchronization accompanying early and late trials 
of the CS (480 ¢/sec.). Leads are from caudate, anterior hypothalamus and border of internal 


capsule near reticular nucleus of thalamus. 


sentation of the conditioned stimulus in sleep 
is then seen, in the next record (fig. 1), to 
produce a sustained desynchronization. Re- 
sponses to such first presentations of CS were 
often characterized by rather long latency 
(2-3 sec.) which, disappearing on_ subse- 
quent trials, were replaced by more rapidly 
appearing and more sustained desynchro- 


ioral manifestation of arousal, the cat remain- 
ing tightly curled with eyes closed. Occa- 
sionally an ear was cocked without other motor 
manifestations. The discriminated responses 
manifested in this way remained stable until 
extinction occurred gradually from the 30th 
to 50th trials. Extinction was characterized 
by longer latency in appearance and shorter 
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duration of desynchronization. Early re- 
sponses lasted up to 60 sec. or more and 
gradually shortened to a second or so before 
disappearing entirely, leaving a response of 
spindle-abeyance of 10-20 sec. duration (i.e. 
continuous inter-spindle background without 
desynchronization). This finally gave way 
to no alteration in spindle pattern during the 
10 sec. of CS presentation, as shown in figure 
3, first record. 


Coud. 


int. C 

450 q 


ps 
Extinction during EEG synchrony 


L 


960cps — Awoke 


480 cps — Awoke 
Waking response (flinch) oppears 


again be elicited after the animal sponta- 
neously awoke. Figure 3 illustrates this in 
the cat which was conditioned to a 480 cycle 
tone, with extinction to this shown in the first 
record. Shortly after this, the animal sponta- 
neously roused and showed a desynchronized 
record that did not alter with presentation 
of a neutral tone one octave higher (960 
e/see.). However, the first return to the CS 
(480 c/sec.) after the animal awakened 


RESPONSE RECOVERY WITH RETURN OF WAKING STATE 


"480 cps - 2nd presentation in 
waking state 


cps — 3rd presentation 


cps— 4th presentation 
Extinction of waking response 


Fig. 3 


Same cat as that from which records of figure 2 are taken. First record shows extinction 
to CS (480 ¢/sec.). Next record below is trial of neutral tone (960 ¢/see.) after ‘‘spontaneous’’ 


arousal. 
records disappears. 


Discrimination of two tones, in contrast 
to sounds of differing quality, is not accom- 
plished as readily, but has been achieved and 
carried to as small a frequency difference as 
that between 384 c/sec. and 480 ¢/see. (fig. 
2). This does not represent any attempt to 
reach the minimal interval for discrimination. 
Enhancement of spindle pattern with the 
neutral tone as illustrated in figure 1 is not 
observed in this presumably more critical type 
of discriminatory task. 

After extinction in EEG response a behav- 
ioral response (cringing or flinching) could 


Third record shows flinch indicated by movement artifact which on next three 


produced a flinch recorded as a movement 
artifact in the record. This rapidly extin- 
guished by the 4th trial (fig. 3). 

A more complex neutral stimulus consist- 
ing of two frequencies presented in the pat- 
tern illustrated in the first record of figure 4 
was used in another cat for comparison with 
an inversion of the pattern utilizing the same 
frequencies and serving as the conditioned 
stimulus (2nd record fig. 4). In conditioning, 
the shock was delivered at the end of the 4th 
triplet. A reaction similar to that for dis- 
crimination of sounds and tones is seen, and 
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in this particular animal there are two changes 
in the record occurring during the stimulus. 
The first appears during the first half of the 
stimulus (2nd record of fig. 4) and is char- 
acterized by higher voltage slower activity 
replacing the spindles and itself then being 
replaced by the classical desynchronization 
pattern as the stimulus approaches its end. 
This animal had previously been trained to 
discriminate the easier sets of tones shown in 


seen that mixing the two frequencies in this 
way did not obscure their cue values. 

In this same animal, presentations of just 
one of the four triplets constituting the entire 
conditioned stimulus (‘‘4%4 CS”’’ in fig. 5) 
produced only transient desynchronization. 
Two such triplets (3rd and 4th records) 
produced a more sustained abeyance of spin- 
dles and slight desynchronization. Three such 
triplets are then seen to produce the pattern 


DISCRIMINATION OF SETS OF 3 TONES 


L. Fr. — Par. 
R. Fr.- Par. 
NEUTRAL 


1500 
CONDITIONED 


1000-1000 - 1000 


1500 - I500-1500 


150 uv 


Fig. 4 


Tone patterns involving frequencies indicated at left and distributed as shown by the dash 
lines over the course of 8-10 see. For further explanations see text. 


the 3rd and 4th records of figure 4, the 1500 
e/see. set being the conditioned stimulus. The 
illustrations shown were taken from trials of 
these, re-presented after the foregoing more 
complex patterns, but without further rein- 
forcement. They illustrate a probable fre- 


quency dependence for the discrimination of 
the complex sets, and show the animal did not 
accomplish a pure pattern discrimination in- 
dependent of frequency cues. 


But it is also 


nearly characteristic for the full four triplets 
of the entire CS but with full and sustained 
desynehronization occurring after a longer 
latency. 

The problem of anatomical sites involved 
in these discriminations was approached by 
ablation of auditory and adjacent cortex in 
three pre-operatively trained and tested cats. 
One of these, without post-operative training 
or reinforcement, showed retention of dif- 
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RESPONSES TO PARTIAL CONDITIONED STIMULI 
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tf Fr- 


2/4 c.s. 


2/4 CS. 


3/4.c. -- -- I 50uv 
Fig. 5 

Same cat as for figure 4. The fraction at left refers to the proportion of the full 

conditioned stimulus utilized in observing effect of numerically incomplete conditioned 
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stimuli. 


ferential response both in waking behavior 
(flinch) and in the EEG arousal response. 
The latter, although definite, disappeared 
within 5 trials and was stabilized only after 
subsequent reinforcement. The other two 
animals, also without post-operative reinforce- 
ment, showed similar definite but rapidly 
extinguishing discriminated arousal. They 
were not tested for waking response in view 
of the rapid extinction of the EEG response 
of the first animal, but their EEG responses 
proved to be no more durable. One of these 
post-ablation cats, after acquiring a discrim- 
inated arousal response to a new CS tone used 
only with post-operative training, showed a 
briefly restored response to its preoperative 
CS tone without that stimulus ever having 
been used in its post-operative training. This 


EXTENT OF LESION, CAT 5-G 
Fig. 6 
Extent of greatest magnitude of cortical removal in 
the three cats studied after ablation. 
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occurred in the absence of generalization to 
other sounds. 


With post-operative training the cats ac- 
quired and retained discriminated EEG 
arousal response with facility approximately 
equal to that of their pre-operative capacities. 
The cat that discriminated sets of tones lost 
this capacity post-operatively. An attempt to 
train another cat post-operatively to a pattern 
discrimination was unsuccessful. Figure 6 
illustrates the widest extent of lesions made; 
the others varying by 1-3 mm. in the lesion 
periphery at different places. All lesions in- 
volved removal of AI, AII and Ep. AIII was 
not involved. 


DISCUSSION 


The findings confirm the demonstration of 
EEG desynchronization as a differential re- 
sponse to auditory stimuli delivered during 
sleep. The animal is presumed, in the presence 
of behavioral sleep and EEG synchrony to 
make a discrimination based on the signif- 
icanece of sounds in his training experience. 
These discriminations are consistently repro- 
duced experimentally and show gradual ex- 
tinction. The findings suggest that the dis- 
eriminatory challenges presented, once master- 
ed (i.e. criterion attained), do not require the 
presence of a desynchronized record (at least 
from the areas recorded) for, with the neutral 
tone, no such desynchronization occurs. On 
the contrary, the neutral tone is frequently 
accompanied by an enhanced synchrony or 
spindling. 

If the neutral stimuli are presented to the 
animal for the first time in sleep, no differen- 
tial response is manifested until the rapid 
adaptation to such stimuli leaves the EEG un- 
changed, in contrast to the much more slowly 
extinguishing response to the CS. It appears 
that the animal first ‘‘adapts out’’ or learns 
to ignore the neutral stimulus, and then goes 
further by developing a response of enhanced 
spindling in relation to the neutral stimulus. 


If the discrimination demanded was more 
acute, as between two tones of small frequency 
difference, or more complex as with mixed 
frequencies in patterns, this enhancement of 
the synchronous record was not observed. 
The enhanced synchrony is perhaps a correlate 


of Pavlov’s ‘‘irradiating inhibition’’ but there 
are no data concerning whether the mechanism 
involved is actually one of neurophysiologic 
inhibition. Since Sharpless and Jasper do 
not report enhancement of synchrony with 
habituation, it appears likely that the phe- 
nomenon of enhancement of synchrony devel- 
ops in relation to the strong affective com- 
ponents involved in the conditioning process. 

Jouvet (1957) describes EEG synchrony 
as a correlate of ‘‘supraliminal inhibition’’ in 
pain-conditioned animals. The higher voltage, 
slower activity in the EEG occurred with the 
CS. No neutral stimuli were utilized in his 
experiments. In the present studies, such EEG 
responses to the CS were not observed, but 
were frequently found in relation to the 
‘‘neutral’’ stimulus. This suggests that the 
paradoxical EEG synchrony of ‘‘supraliminal 
inhibition’’ in association to the CS may be 
transferred to, or arise de novo with, a for- 
merly neutral stimulus. 

The restoration of flinch response with 
‘*spontaneous’’ waking (i.e. no known exter- 
nal stimulation being a factor) after the de- 
synchronization response has been extinguish- 
ed in sleep (fig. 3) is in agreement with 
Sharpless and Jasper’s data suggesting that 
the potency of the non-specific activation from 
novel stimulation is the mechanism of response 
restoration rather than blocking of the inhibi- 
tion (‘‘disinhibition’’ of Pavlov). Further 
weight is given in this direction in that general 
arousal, even in the probable absence of novel 
stimulation, occurred here and was followed 
by response recovery. The neutral tone given 
prior to the CS after the animal awoke was 
not a novel stimulus since it had been given 
many times during the sleeping state. 


An additional experiment was performed 
in one cat which demonstrated that these 
arousal responses to sounds appearing in a 
context of silence could also be demonstrated 
in the reverse relation — of silence appearing 
in a context of sound. Thus, a cat was exposed 
to continuous 1/see. clicks and trained to 
expect a shock at the end of 10 see. of silence. 
This silence was as evocative of EEG arousal 
in the sleeping animal as the sound stimulus 
was for the other animals. Discrimination 
studies were not further developed in this 
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animal in relation to this except to show that 
extraneous noises and tones added to the back- 
ground clicking were quickly ‘‘adapted out’’ 
or failed to produce arousal altogether. 

Thus, although most experience is of the 
type in which external stimulation is added, 
there is good evidence in this experiment of 
the capacity to respond with EEG arousal 
when external stimulation is subtracted from 
the background. 

At least the location and extent of cortex 
depicted in figure 5 (including AI, AIT and 
Ep) appear to be dispensable to the differen- 
tial EEG response to simple tones. More com- 
plex discrimination as tested by reciprocal 
three tone sets was not effectively demonstrat- 
ed in the ablated animals and demonstrates 
for the sleeping animals the same limitations 
as shown by Diamond and Neff (1953), But- 
ler, Diamond and Neff (1957), for waking 
animals. These findings are in accord with the 
conclusions of Galambos (1954) concerning 
the role of auditory cortex in auditory dis- 
criminations. It is found in this study that 
the EEG synchrony accompanying the ‘‘neu- 
tral’’ stimulus is also resistant to the describ- 
ed ablation of auditory cortex. 


More accurate localization of mechanisms 
in these phenomena awaits further study. 
Sharpless and Jasper attributed more dis- 
criminatory functions to thalamic levels of 
the nonspecific reticular system. Applying 
their conclusions to the present studies sug- 
gests that the presence of synchrony response 
to neutral sounds in simple discrimination and 
its absence in complex discrimination is re- 
lated to the degree of lower (tegmental) com- 
ponents of reticular influence. Thus, the 
greater the divergence in response between CS 
and neutral stimuli, the more caudal the level 
of reticular influence to be expected. 


These studies demonstrate that, in the 
process of extinction, the behavioral response 
of opening the eyes and raising the head, in 
association with alerting or arousal, disap- 
pears within a few trials of the CS, long be- 
fore full extinction of the desynchronization 
response. There may persist for some time 
movement of one or both ears, but this is un- 
stable and shows extinction prior to that for 
the EEG response. Thus there is much evi- 


dence to indicate that EEG desynchronization 
can occur without associated behavioral arou- 
sal. 


SUMMARY 


Six cats with implanted electrodes, clas- 
sically conditioned to paired sound and shock, 
demonstrated differential EEG desynchroni- 
zation on a background of EEG synchrony 
associated with behavioral sleep. This phe- 
nomenon was used to demonstrate auditory 
discrimination in sleep of (1) sounds of dif- 
fering quality, (2) tones of differing fre- 
quency, (3) mixtures of frequencies presented 
in reciprocal relationship (4) number of stim- 
uli and (5) subtraction of external stimula- 
tion in contrast to addition. The neutral stim- 
uli were seen to enhance EEG synchrony in 
simple discriminations. The conditioned EEG 
desynchronization response was seen to occur 
on many occasions in the absence of any motor 
manifestation of arousal. Removal of most, 
but not all cortex implicated in auditory funce- 
tion (AI, AII, and Ep) failed to alter simple 
discriminations, but impaired the complex 
ones. 


The author would like to express appreciation to 
Dr. H. W. Magoun for use of laboratory facilities at 
the U.C.L.A. Medical Centre and to Dr. Carlo Terzuolo 
for collaboration in the initiation of these studies. 
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ELECTROGRAPHIC ACTIVITY OF THE MESENCEPHALIC 
RETICULAR FORMATION DURING CONDITIONING 
IN THE CAT! 
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Laboratoire d’Electrophysiologie, Hépital de la Timone, 
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INTRODUCTION 


The results obtained in clinical and exper- 
imental electroencephalography by different 
conditioning procedures were reviewed by H. 
Gastaut in November, 1955, at the ‘‘ Colloque 
de Marseille’’, which was devoted to the prob- 
lem of electrical activity in the brain in rela- 
tion with psychological phenomena. 

At this meeting one of us (Yoshii) showed 
that the reticular formation of the brain stem 
plays an important role in the establishment 
of a positive conditioned reflex (defensive or 
salivary reflex). These results were in accord 
with the observations presented at the same 
meeting by Jouvet and Hernandez-Pedn 
(1955). 

Morrell and Jasper (1956) when using 
intermittent photic stimulation as the uncon- 
ditioned stimulus, observed peculiar condi- 
tioned responses, which can be characterized 
as follows: 

(1) the conditioned electroencephalogra- 
phic response appears at the beginning in the 
form of a generalized ‘‘desynchronization’’ ; 

(2) later this ‘‘desynehronization’’  be- 
comes localized to the area of the visual cortex ; 

(3) in between these two stages during 
the presentation of the conditioned stimulus 
(a continuous sound) a repetitive response of 
specific frequency is observed, i.e. a rhythm 
is recorded in the visual cortex which tends 
to follow the frequeney of the light flashes 
used as the unconditioned stimulus. 

We have been particularly interested in 
this latter observation and we asked ourselves 


1 This article was translated from the original 
French version on request of the author. 

2 Present address: The 2nd Dept. of Physiology, 
Osaka University Medical School, Joan-cho, Kita-ku, 


Osaka, Japan. 


whether it may not be possible to record these 
repetitive discharges which follow the fre- 
quency of the conditioned light flashes, in sub- 
cortical structures, particularly in the reti- 
eular formation of the brain stem. 


TECHNIQUE 


The purpose of this investigation was to 
study in the cat the electrographic changes 
induced in the cortex, thalamus and in the 
reticular formation of the mesencephalon 
during conditioning. Rhythmic intermittent 
photic stimulation was used as the uncondi- 
tioned stimulus and a continuous sound as the 
conditioned stimulus. 

In the four animals which were investigat- 
ed the experimental procedure was identical: 
the animals were operated under Nembutal 
anaesthesia. The cortical electrodes were im- 
planted in the bone in symmetrical positions 
over the frontal, auditory and visual cortices. 
Cement was used to hold the electrodes in 
place. The deep electrodes were introduced 
with the aid of a stereotaxic apparatus. In 
order to be able to use bipolar recordings 
paired electrodes were inserted into subcor- 
tical structures. The distance between the tips 
of these electrode pairs measured 1 to 2 mm. 
These subcortical electrodes were located in 
the nucleus ventralis anterior of the thalamus, 
the centre median of Luys and in the mesen- 
cephalic reticular formation. 

After the third pest-operative day the 
animal was placed in a calm and dark ex- 
perimental room. During experimentation 
the animal was immobilized in a hammock. 
Usually the animals became easily accustomed 
to the experimental conditions. The experi- 
menter and the recording equipment were 
placed in an adjacent room. Conditioning 
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procedures were carried out every day dur- 
ing a period of one to two months. The dura- 
tion of the daily conditioning sessions did not 
exceed one hour. The experiment was inter- 
rupted as soon as the animal became agitated. 

Intermittent photic stimulation was de- 
livered without any disturbance by sound 
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stimulation of 5 see. duration which was 
started at the third second of the sound stim- 
ulus. The interval between succeeding paired 
stimulations was varied continuously, but was 
at the average of about 20-25 sec. 

In all experiments anatomical controls con- 
firmed the correct position of the electrodes 


jour 


Fig. 1 


Cat No. 2. The first four lines record the cortical activity in fronto-temporal and temporo- 
occipital regions. The next two lines are records of the unconditioned stimuli (rhythmie 
light flashes, S.L. i.) and of the conditioned stimulus (continuous sound, Son). The next three 
lines are records from the ventralis anterior nucleus of the thalamus (VA), the centre median 
(CM) and finally of the mesencephalic reticular formation (FR). The last tracing (S.L.i.) 
again records the photic flashes. 

On the 1st day of the experimental series, the sound (conditioned stimulus) is still without 
effect and one observes the unconditioned response in the form of driving of the occipital and 
reticular activity at a frequency of the stimulating light flashes. 

On the 13th day the sound produces the immediate appearance of a clear conditioned response 
in the form of a rhythm at the same frequency as the rhythmic light flashes. This response 


is recorded in the reticular formation. 


with the ‘‘Epiphote’’ apparatus placed in 
front of the eyes of the animal at a distance 
of 40 em. The conditioned sound stimulus of 
small intensity was delivered at a constant 
pitch by a ‘‘Sonoclat’’ apparatus. 

The two stimuli were always coupled, the 
conditioned sound stimulus preceding and 
overlapping the unconditioned light stimulus. 
In almost all experiments a sound of 7 sec. 
duration was followed by a train of photic 


in the nuclear structures of the mesencephalon 
and diencephalon. 


RESULTS 


In the four animals used the daily repeti- 
tion of the coupled sound and light stimula- 
tions produced changes in the electroenceph- 
alographic tracings. It is difficult to describe 
these modifications in all their fine nuances, 
especially since they appear very progres- 
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sively. Nevertheless these changes were quite 
evident when comparing tracings taken on 
sueceeding days. 

The successive changes of the electro- 
encephalogram before conditioning, during the 
establishment of a conditioned response and 
finally during the onset of signs of an ex- 
perimental neurosis can schematically be de- 
scribed as follows: 

(1) Before appearance of conditioning the 
electroencephalographic records showed the 
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ny between waves recorded in the cortex and 
those recorded in subcortical structures could 
be seen. 

(b) The presentation of the unconditioned 
stimulus (intermittent photic stimulation for 
5 see.) evoked a driving at the specific fre- 
quency in most of the recorded areas. This 
driving was constant and no habituation de- 
veloped. It reached its maximum amplitude 
(40-60 »V.) in the occipital regions and in the 
reticular formation of the brain stem (fig. 1). 
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Fig. 2 


Cat No. 2. Two phenomena appear from the Ist day on and here illustrated 
is a record taken on the 5th day of the experimental series. 

(1) Between the end of the combined sound and intermittent photic stim- 
ulations and the beginning of the next sound stimulation higher voltage 
bursts appear in the resting record of the activity of the reticular forma- 
tion, the centre median of Luys and of the temporo-occipital regions. Note 
the identical aspect of the bursts recorded in these different structures 
(‘‘reticulo-occipital tuning’’). 

(2) As soon as the sound stimulus is applied desynchronization appears, 


characterized by a rapid rhythm of low amplitude (same record). 


following characteristics: (a@) the resting cor- 
tical record was made up of rapid rhythms at 
15 to 20 e/see. of rather low amplitude (20- 
30 »V.). The record from the cortical regions 
was of the same type with some slower com- 
ponents (6-8 and 12 ¢/see.). These rhythms 
of variable frequency alternated or became 
associated with each other continuously and 
it was impossible to observe a burst of waves 
with a stable frequency. Finally no synchro- 


It was of somewhat lesser amplitude in the 
centre median of Luys. It was inconstant and 
weak in the nucleus ventralis anterior of the 
thalamus. In the frontotemporal region it was 
rarely seen (about one out of ten times) and 
was always of very low amplitude. From the 
morphological point of view the driven re- 
sponses had the classical aspect of rhythmical 
spikes. However, on some occasions they as- 
sumed the aspect of a spike and wave rhythm. 
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The driving usually ceased with the last 
stimulating flash, but sometimes it was seen 
to persist in the form of a short afterdischarge 
of not longer than one second duration which 
appeared in the occipital region and in the 
reticular formation. 

(c) The eonditioned stimulus (weak 
sound) produced an electroencephalographic 
reaction which showed rapid habituation. The 
evoked potential recorded from the auditory 
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(11) Klectrographic changes accompany. 
ing conditioning. The repetition of the com. 
bined stimuli progressively produced marked 
changes in the records. The modifications 
appearing during presentation of the uncon. 
ditioned and conditioned stimuli and during 
the intervals will be successively analyzed. 

(a) Though the phenomena, to be described 
here, are not related to conditioning itself the 
changes of the response to repeated applica- 
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Fig. 3 


Cat No. 2. Appearance’on the 7th day of a spontaneous rhythm which in this case followed 
faithfully the frequency of the intermittent photic stimulation. This rhythm appeared: 
(1) On the left side in the form of a reticular afterdischarge (FR) which persists for a long 


time after the unconditioned response ; 


(2) On the right side in the form of an independent rhythm appearing in fusiform bursts 


(same derivations). 


cortex (‘‘on-effect’’) and the consecutive de- 
synchronization which were observed initially 
disappeared rapidly on the first day (fig. 1) 
and afterwards during the next two days the 
sound acted like any indifferent stimulus. 
Only on the fourth day the sound stimulus, al- 
ways followed by the unconditioned light 
stimulus, became able to acquire the properties 
of a conditioned stimulus, as will be discussed 
presently. 


tion of the unconditioned photie stimulus 
seemed to us to merit interest. Our attention 
was focussed especially on three phenomena 
which appeared after two days of experimen- 
tation: 

(1) the driving at the specifie frequency 
tended progressively to irradiate into the 
centre median of Luys, into the nucleus ven- 
tralis anterior of the thalamus and even to 
the fronto-temporal cortex. This is to say that 
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the driving became more constant and of 
higher amplitude in all the structures where 
previously it had been seen only rarely and 
if at all at a low amplitude; 

(2) the driving response lost its character- 
istic aspect of rhythmical spikes and more 
often assumed the form of a spike and wave 
rhythm ; 

(3) the ‘‘after-discharges’’ (this pheno- 
menon was particularly clear in eat no. 2 
which was stimulated at a frequency of 10 
light flashes per second) became clearly more 
conspicuous (fig. 3 and 7). They oceurred 


chronization response was progressively re- 
placed by the repetitive discharges described 
by Morrell and Jasper (1956), the frequency 
of which became more and more identical to 
that of the photic stimuli (fig. 1, 5 and 6). 

As we anticipated these conditioned rep- 
etitive discharges were earlier in onset, higher 
in amplitude and more constant in subcortical 
structures, especially in the mesencephalic 
reticular formation. Finally, mention should 
be made of muscle potential artefacts, which 
occurred in temporo-occipital regions when 
the sound stimulus was presented (fig. 5 and 
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Fig. 4 


Cat No. 2. Tracing taken on the following day shows the appearance of 
the spontaneous rhythm before any stimulation is carried out. This rhythm 
appears from the very beginning of the record (same derivations). 


almost constantly and were now of long dura- 
tion, measuring up to 10 and 20 sec. They 
predominated clearly in the reticular forma- 
tion and in the centre median of Luys. They 
were also present though less marked in the 
temporo-occipital regions. 

(b) The conditioned stimulus now became 
associated with clear electrographic changes: 
the evoked potentials and desynchronization 
(fig. 2) which had disappeared on the first 
day under the influence of habituation reap- 
peared in all leads on the fourth day in re- 
sponse to the conditioning procedure. Only 


later from the 6th to the 8th day the desyn- 


7). We paid special attention to this phenom- 
enon since it was the electrographic expression 
of a state of muscular tension conditioned by 
the sound. 

(c) During the intervals between the stim- 
ulations the resting pattern was also modified 
in the conditioning experiments. We paid par- 
ticular attention to this phenomenon which so 
far has been studied only very little. In eat 
no. 2 the tracings from the cortex and those 
from the subcortical structures recorded dur- 
ing the first few days were clearly different 
from each other, yet towards the fifth day, 
there appeared an evident relationship be- 
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tween the electrical activity of the occipital 
cortex and that of the reticular formation. 
The relationships of phase, form and am- 
plitude between the bursts and other electro- 
graphic elements of the tracings recorded in 
these two locations became increasingly more 
marked until, on certain occasions, they almost 
reached identity (fig. 2). 

But the most remarkable phenomenon seen 
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of a frequency identical to that of the light 
flashes. These appeared progressively between 
the sixth and eight day and were preceded by 
a period of adjustment during which these 
bursts were of short duration, of low am- 
plitude, and intermingled with rhythms of 
various frequencies, showing a repetition rate 
more or less close to that of the intermittent 
photic flashes. 


Fig. 5 


Cat No. 2. Stimulated for three days with a frequency of 10 light flashes per see. On the 
left is shown that as soon as the sound stimulus is applied the rhythms are markedly changed: 
in the reticular formation (RF), in the centre median of Luys (CM) and perhaps also in the 
temporo-occipital regions on the right side there appears a repetitive response which, though 
less high in voltage, is similar to the record taken during intermittent photic stimulation. 
On the right side are shown the 10 ¢/sec. rhythms which predominate in subcortical structures 
in the form of amplitude bursts. 

Note also in the two fragments of the records that muscle potentials appear in fronto-temporal 
regions on the left side as soon as the sound stimulus is applied. 

Note that the cortical derivations in this figure are a little modified. This was necessary 
because of deterioration of the left occipital electrode which was then no longer used. The 


4th record in this figure is a bifrontal one. 


in three animals was the appearance of rep- 
etitive discharges, not only during the dura- 
tion of the conditioned stimulus but also at 
other moments, when they appeared in the 
form of spontaneous bursts of more or less 
prolonged duration ranging between a few 
seconds and almost a minute. These bursts 
were made up of high amplitude regular waves 


These bursts were almost exclusively re- 
corded from the mesencephalic reticular 
formation (fig. 3, 4, 8 and 9) and less con- 
stantly from the region of the centre median 
of Luys. Exceptionally they were also found 
in the occipital cortex, where they were con- 
comitant to those recorded from the brain 
stem. This very peculiar rhythm following 
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the frequency of the light flashes (5 e/see. 
for cats no. 2 and 4; 4 ¢/see. for cat no. 3) 
appeared as soon as the animals were placed 
in the habitual experimental situation, i.e. 
when they were fixed in their hammock and 
placed in a darkened Faraday cage. In one 
ease the recording conditions were deliberately 
changed. Thus cat number 2 was not placed 
into its habitual hammock, but put into a 
neutral place which was well illuminated. 
Under those conditions the 5 per sec. rhythm 
disappeared and reappeared progressively 


Although these repetitive bursts disappear- 
ed in one case when the animal was placed out- 
side its habitual experimental surroundings, 
they nevertheless reacted in quite a variable 
way to novel stimuli: they were blocked only 
inconstantly when various noises were pre- 
sented (fig. 9) and their disappearance as 
well as their appearance did not seem to follow 
any precise rule nor to correspond to any mo- 
dification in the external behavior of the cat. 

(IIL) Stage of experimental neurosis. The 
behavior of the animal during these exper- 
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Fig. 6 
Cat No. 2. Stimulated for a period of 4 days with 10 ¢/see light flashes. 
The presentation of the conditioned sound stimulus provokes the appearance 
of an evoked potential and modifies the preexisting rhythms. After the 
end of the unconditioned rhythmic light stimulus the 10 ¢/see. high amplitude 
rhythms predominate in the reticular formation (FR), the centre median 
(CM) and less clearly in the right temporo-occipital regions (same deriva- 


tions as in fig. 5). 


when the animal was transferred into its ham- 
mock and into its habitual experimental room. 
In the same animal the frequency of the 
photic stimulation was then changed to 10 
flashes per sec. After one day only there ap- 
peared in the reticular formation and in the 
eentre median of Luys numerous afterdis- 
charges and a spontaneous 10 ¢/seec. rhythms 
in a somewhat sketchy form which began to 
compete with the 5 ¢/sec. rhythm. Some days 
later the 10 c/sec. rhythm in the form of high 
voltage bursts became predominant in these 
subcortical structures (fig. 5 and 6). 


iments varied from one individual to the other 
and the stage called ‘‘experimental neurosis’”’ 
(a term here used in its broadest implications) 
was only observed in two animals. 

Two cats were sacrificed early before any 
experimental neurosis could develop. The first 
of these two animals developed very rapidly, 
from the third day on, a tendency to somno- 
lence with onset of slow waves and spindles 
(cat no. 1). This somnolence became progres- 
sively more accentuated and no conditioned 
response could be obtained. After sacrifice 
anatomical examination showed a left sided 
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cortical abscess. Cat no. 3 was sacrificed after 
15 conditioning days because of the conta- 
mination of the records with artefacts orig- 
inating from deteriorated deep electrodes. 

Cat no. 4 had every day much difficulty 
to adapt to the experimental condition. The 
animal became very agitated as soon as it was 
placed into its hammock. It calmed down after 
about 40 to 50 repetitions of the coupled 
stimuli. This allowed to obtain conditioned 
repetitive responses after 6 to 7 days. After 
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ulus produced electrographic reactions of 
variable character which can be classified into 
three types: 

(1) Type number 1 was characterized by 
a normal resting record and by a normal driy- 
ing response to intermittent photic stimulation 
in subcortical and occipital regions (fig. 10). 

(2) Type 2 appeared during the episode of 
somnolence during which the record contained 
spindles and numerous slow waves, whereas 
all reactions to the photic stimuli had dis- 
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Fig. 7 
Cat No. 2. Stimulated for a period of 5 days with 10 ¢/sec. light flashes. 
(1) The sound stimulus provokes the appearance of muscle potentials recorded with the 


cortical electrodes. 


(2) Persistence of high amplitude rhythms approximately at 10 ¢/see. after the arrest of light 
stimulation (the 4th tracing is a bitemporal record). 


15 days the animal became more agitated and 
also quite fearful, as evidenced by reactions 
of escape and recording became very difficult. 

Cat no. 2 could be observed for more than 
3 months. It showed conditioned and spon- 
taneous repetitive discharges successively for 
frequencies of 5 and then 10 ¢/see. After one 
and a half months the behavior of the animal 
changed and was characterized by alternations 
of periods of agitation and somnolence. The 
conditioned responses disappeared progres- 
sively and the application of the photic stim- 


appeared or were considerably attenuated in 
records from all regions (fig. 11). 

(3) Type 8, which in contradistinction to 
the previous type one may be tempted to qua- 
lify as the expression of a state of hyper- 
excitability, was characterized by a_ very 
rapid background activity and especially by 
a very peculiar response to photic stimula- 
tion consisting of rapid activity with harmonic 
frequencies recorded from both the reticular 
formation and the occipital cortex. The driv- 
ing was also quite pronounced in the fronto- 
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Cat No. 3. Appearance of hypersynehrony strictly localized to the reticular formation in the 
form of long monorhythmiec discharges of identical aspect to those recorded during inter- 
mittent photic stimulation. The frequency of these discharges becomes more and more close 
to that of the stimulating light flashes. 
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Cat No. 4. Same phenomena as those described for cat no. 3 in figure 8. 
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temporal regions where it was barely notice- 
able during the normal state (fig. 10). 


These peculiarities of the responses to in- 
termittent photic stimulation during the stage 
of experimental neurosis were so cleareut that 
it seemed justifiable to mention them. They 
correspond without any doubt to variable 
states of cerebral excitability and are perhaps 


DISCUSSION 


I — Electroencephalographic Responses to 
the Unconditioned Photie Stimulus. 

In the four animals studied intermittent 
photic stimulation evoked modifications of 
the tracings which were studied both from the 
topographical and morphological point of 
view. 


Cuat 2 jour 
Fig. 10 


Cat No. 2. Thirtieth day of the experimental procedure. State of so-called 
experimental neurosis, characterized by alternations of excitation and som- 


nolence. Cortical derivations: 
Ist line: right fronto-temporal 
2nd line: right temporo-occipital 
3rd line: left fronto-temporal 
4th line: bifrontal 

5th line: bitemporal 

The deep records are unchanged. 


On the left side is shown that while the animal displays normal behavior 
intermittent photic stimulation provokes driving in subcortical structures 
and in the temporo-occipital cortex. 

On the right side is shown that when the animal is agitated (‘‘stage of 
hyperexcitability’’) the resting record is rapid, low in amplitude and 
photie stimulation evokes a pattern which is very different from the pre- 
ceding one: rapid rhythms with spikes and harmonic responses in occipital 
regions and in the brain stem. The fronto-temporal irradiation of the 


driving response is quite remarkable in this instance. 


the expression of a competition between ex- 
citatory and inhibitory processes which accord- 
ing to numerous authors are characteristic for 
the state of experimental neurosis. The elec- 
troencephalographie aspects of neurotic an- 
imals were previously discussed by one of us 
(Yoshii 1951, 1955). 


(A) Topographical Aspects. The evoked 
potentials in response to each photic flash were 
by no means strictly localized to specific visual 
structures, since they were also recorded from 
the centre median of Luys and from the re- 
ticular formation of the mesencephalon and 
even in the nucleus ventralis anterior of the 
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thalamus. To our knowledge these facts had 
not been systematically studied in the un- 
anaesthetized animal up to 1955. Since Gas- 
taut and Hunter (1950) had stated that in 
acute preparations under the influence of 
anaesthetic agents (Nembutal, Pentothal or 
eurare), the subcortical and cortical frontal 
irradiations of the responses to photic stim- 
ulation is favoured by Cardiazol injections, 
some observations were done in the anaes- 
thetized or curarized animal. Then, in 1955 
Ingvar and Hunter showed that unanaesthe- 
tized cats evoked potentials could be re- 
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(B) Morphological Aspects. The form of 
the potentials recorded in cortical and sub- 
cortical structures assumed two aspects essen- 
tially: (1) sometimes the classical form of di- 
phasic rhythmical spikes, representing evoked 
potentials to each single light flash of a se- 
quence of stimulation were seen. In between 
each potential the record was low in am- 
plitude, rapid and ‘‘desynehronized’’; (2) at 
other times the response assumed the char- 
acter of a spike and wave complex where each 
evoked potential was followed by a single 
slow wave of high amplitude. This second 
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Fig. 11 


Cat No. 2. 


Sudden transition into the state of somnolence. The record 


is characterized by slow waves and spindles which are not modified by 
sound stimulation or intermittent photic stimulation. 


corded in the thalamus and in the brain stem 
after or without bilateral ablation of the cor- 
tical visual areas. 

Our own findings are in accord with these 
experimental data and only confirm the well 
known role of the reticular formation as a non- 
specific integrating system of sensory exci- 
tations. 

On the other hand our interest was aroused 
by the observation of the daily increase of irra- 
diation of sensory responses to territories as 
distant as the ventral nucleus of the thalamus 
and the frontal cortex. 


type was chiefly seen in animals which were 
well accustomed to the experimental conditions 
and were in a perfectly relaxed state. 
According to Moruzzi and Magoun (1949) 
the generalized cortical ‘‘desynchronization’’ 
corresponds to a state of activation of the re- 
ticular formation, whereas the slow synchro- 
nization corresponds on the contrary to a 
state of functional depression of the reticular 
formation. The finding of gradual transition 
from generalized desynchronization to reg- 
ularly recurring waves in the present study 
may add to the information on the intricate 
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connections between the diffuse thalamic pro- 
jection system and ascending reticular activat- 
ing system discussed since 1949 (Jasper 1949; 
Hunter and Jasper 1949; Lindsley, Bowden 
and Magoun 1949). 

We may suppose that the two varieties of 
unconditioned response to intermittent photic 
stimulation correspond to different states of 
excitability of the reticular activating sys- 
tem. It will be demonstrated that this hypo- 
thesis could be applied to explain the two 
different morphological aspects of the condi- 
tioned electroencephalographie response to 
the tone stimulus. 

Il — Electroencephalographie responses 
to the Conditioned Continuous Sound Stim- 
ulus. 

During the application of the sound stim- 
ulus one is able not only to record evoked 
potentials (‘‘on effeect’’), but also a _ pro- 
gressive appearance of a generalized desyn- 
chronization of the record. The sound stim- 
ulus is therefore no longer indifferent. It has 
assumed a precise significance as a condi- 
tioned stimulus. 


But at a more advanced stage, after 
about 4+ to 7 days, this desynehronization is 
progressively replaced by a different response 
in the form of high amplitude hypersynchro- 
nous rhythmical waves, the frequency of which 
becomes progressively closer to that of the un- 
conditional photic stimulus. This repetitive 
response appears when the animal is in a state 
of apparent quietness. Finally, one usually 
obtains this response during sound stimula- 
tion only when the subsequent photie stimula- 
tion triggers spike and wave type of dis- 
charges. It seems therefore that there is a 
close relationship between the aspect of the 
conditioned response and the functional state 
of the reticular formation. The conditioned re- 
sponse of the ‘‘desynchronized’’ type could, 
therefore, be interpreted as corresponding to 
a state of reticular activation. Conversely, the 
hypersynechronous response would correspond 
to a state of inhibition of the reticular forma- 
tion. Furthermore, it appeared that this con- 
ditioned repetitive response appeared much 
earlier in mesencephalic and diencephalic 
structures than in the occipital cortex. This 
confirms the-important role played by the 
reticular formation in the establishment of 


conditioned reflexes. One of us (Yoshii 1955) 
has already pointed out this fact previously. 

We were not able to observe the stage of 
local desynchronization of the activity of the 
visual cortex as described by Morrell and 
Jasper (1956). The reason for this is pro- 
bably that we used bipolar temporo-occipital 
recordings and that two of our animals be- 
came neurotic before this stage could be reach- 
ed. 

The high amplitude and rapid muscular 
potentials at 25-30 c¢/sec. observed in the 
temporo-occipital regions during the duration 
of the sound stimulus and which frequently 
persisted during the photic stimulus appear 
only after several days of experimentation. 
They probably are the expression of an irra- 
diation of excitation to subcortical motor cen- 
tres, a mechanism already discussed by Gas- 
taut and Hunter (1950). These muscular po- 
tentials evidently are the sign of a state of 
muscular tension which can be considered as 
the beginning of a defense reaction. 

III — Electroencephalographie Findings 
during the Intervals between Stimulations. 

A. Rhythmieal hypersynehronous  dis- 
charges possibly related to memory mech- 
anisms. 

We observed that the repetitive responses 
which more and more tend to follow the fre- 
queney of the light flashes not only appear 
during the application of the sound stimulus 
but also spontaneously without any stimula- 
tion, as soon as the cat is placed into the 
habitual conditions of experimentation. These 
responses predominate clearly in the reticular 
formation, they are less clear in the centre 
median and are rarely seen in the occipital 
regions. 

One could object to this by saying that 
these hypersynchronous discharges are merely 
the consequence of the presence of perma- 
nent electrodes within the reticular formation. 
Around these electrodes there is also always 
a small necrotic lesion, which even if minimal 
could evoke slow wave discharges. However, 
we do not consider this objection as well found- 
ed and we think of being able to refute it 
on the basis of the following arguments: 

(1) The repetitive bursts are not of a ran- 
dom frequency, but follow that of the un- 
conditioned stimulus. Thus they are at 4 
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c/see. if one uses a flickering rhythm at this 
4 c/see. frequency, they are at 5 or 10 ¢/see. 
when the intermittent photic stimulation is at 
5 or 10 ¢/see. and in this latter case one cannot 
even call them slow waves any more. 


(2) The repetitive bursts disappear as 
soon as the animal is placed in a neutral room, 
or transferred into a different environment. 
They also disappear during the stage of ex- 
perimental neurosis. 

(3) The bursts are morphologically iden- 
tical to those which appear during sound stim- 
wation in the occipital cortex where no elec- 
trode is implanted into the cerebral sub- 
stance. 

(4) Finally it may be recalled that the 
rhythms recorded in the intervals between 
stimulations and following the frequency of 
the light flashes were already observed by 
Livanoy (1945, 1948) and Ulett (1955) in the 
visual cortex of animals repeatedly stimulated 
by intermittent photic flashes. 

We therefore believe to be justified to 
consider these repetitive discharges which 
follow the specific frequency of the photic 
stimulation as a conditioned response, not only 
to the sound stimulus, but also to the general 
conditions under which the experiments are 
conducted. We even would like to advance 
the hypothesis that there is a relationship 
between these discharges and the physical ex- 
pression of a mnemonic trace. Was not the 
reticular formation within the larger frame- 
work of the centrencephalie system considered 
by Penfield (1954) as the structure where 
memory mechanisms were integrated ? The 
rhythmical aspect of the electrical expression 
of the mnemonic trace was predicted by Grey 
Walter in 1950 who demonstrated the advant- 
age of an ‘‘oscillatory’’ theory of memory and 
who concluded ‘‘until there is very strong 
evidence to the contrary I suggested that 
rhythmie oscillation between cerebral elements 
as a physical basis for short-term memory is 
a fertile working hypothesis’’. 

B. Progressive synchronization of the elec- 
trical activities of the reticular formation and 
the oecipital cortex. 

It is well known that there are no precise 
relationships between the electrical activity of 
the cortex and that of subcortical structures, 
even when they are recorded in structures 


closely connected with each other as the spe- 
cific thalamic nuclei and their cortical pro- 
jection areas. 


We therefore attribute a great importance 
to the fact that the absence of synchrony 
between the activity of the reticular forma- 
tion and of the visual cortex observed before 
conditioning is gradually replaced during 
conditioning by a clear synchronization of 
spontaneous bursts occurring in these two 
cerebral structures. 

Without going into a renewed discussion 
of the theory of reverberating circuits which 
would in any ease be insufficient to explain 
this phenomenon, it appears to us essential to 
emphasize this ‘‘tuning process’? which may 
play an important role in the elaboration of 
the memory mechanisms previously mentioned. 
These observations also give some supple- 
mentary demonstration of the establishment 
of connections between subcortical and cortical 
structures during conditioning. It remains to 
be shown whether this ‘‘reticulo-occipital tun- 
ing’’ observed when the unconditional stim- 
ulus was light could not become a ‘‘reticulo- 
temporal’’ or ‘‘reticulo-central tuning’’ when 
the stimulus is a sound or a somesthetic stim- 
ulus, respectively. 


CONCLUSIONS AND SUMMARY 


In 4 eats the electroencephalographic 
changes recorded in the cortex, the thal- 
amus and the mesencephalic reticular forma- 
tion during conditioning were studied. Con- 
ditioning was produced by coupling of an 
unconditioned light.stimulus in the form of 
intermittent photic stimulation with a pre- 
ceding conditional auditory stimulus in the 
form of a continuous sound. This study al- 
lows to draw the following conclusions: 

1. The results confirm certain findings 
obtained in investigations carried out in the 
recent years. The appearance of evoked po- 
tentials and of a desynchronization during 
the presentation of the conditioned stimulus 
characterizes the first stage of conditioning. 
During a second stage the desynchronization 
is replaced by hypersynchronous repetitive dis- 
charges which progressively tend to follow 
the frequency of the intermittent photic stim- 
ulation. The so-called stage of experimental 
neurosis is characterized by the alternation 
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of rapid patterns with sleep patterns during 
which the conditioned electroencephalographic 
responses characterized by desynechronization 
or by specific rhythmic discharges disappear. 


2. The role played by the reticular forma- 
tion in the elaboration of conditioning pro- 
cesses 1S again stressed: 


(a) the conditioned specific responses are 
of earlier onset, higher amplitude and are more 
stable in the reticular formation; 


(b) the daily repetition of the experiments 
progressively increases the relationships of 
phase, form and amplitude between the 
bursts and other electrographic elements re- 
eorded in the occipital cortex and in the 
reticular formation without any stimulation. 


3. A new finding was obtained in this 
study: the spontaneous appearance without 
any stimulation of repetitive discharges at the 
frequency of the photic flashes and almost 
exclusively recorded from the reticular forma- 
tion. These rhythmic discharges appear as 
soon as the animal is placed in the habitual 
conditions of the experiment. They could 
represent an elementary electrographic mani- 
festation of a memory process. 
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CORTICAL AND SUBCORTICAL ELECTROGRAMS IN ANESTHESIA 
AND ANOXIA IN MAN}! 
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Recent advance in the study of depth elee- 
trography on the human subjects (Hayne et 
al. 1949; Spiegel et al. 1951, 1956; Delgado 
et al. 1958, 1956; Sem-Jacobsen et al. 1953, 
1955, 1956; Okuma et al. 1954; Heath 1954; 
Schwartz et al. 1956; ete.) has provided much 
knowledge on the brain in various functional 
states. This report covers the effect on the 
cortical and depth electrograms by administra- 
tion of intravenous and intramuscular barbi- 
turates, rectal chloral hydrate, subcutaneous 
and intravenous Benadryl, inhalation of tri- 
chloroethylene and pure nitrogen gas. The 
effects of intravenous barbiturate and sub- 
cutaneous scopolamine hydrobromide on the 
electrogram were reported earlier (Okuma et 
al. 1954). In the light of these findings the 
neural mechanisms underlying altered con- 
sciousness will be discussed and action of 
drugs on the central nervous system will be 
reconsidered. 


TECHNIQUE 


Recording of cortical and depth electro- 
grams was performed on 74 patients (parkin- 
sonism 43; double athetosis 9; epilepsy 7; 
feeblemindedness 4; other organic brain 
diseases 11) in whom stereoencephalotomy on 
the basal ganglia was indicated and whose elec- 
trograms could be registered in the resting 
state. Patients with normal or almost normal 
routine EEGs were selected. 

Our technique using multi-lead needle 
electrode was described previously (Okuma et 
al. 1954). A multi-lead needle electrode 1 mm. 
in diameter with 8 recording tips at intervals 
of 1 em. was inserted stereotaxically from the 


1 Presented at the 3rd Annual Meeting of the 
Japan EEG Society (April, 1954) and at the 5th 
Meeting of the German EEG Society (September, 
1955). 


central region into the medial thalamus and 
other subcortical structures according to their 
coordinates and was fixed to the skull as 
illustrated in figure 1. In most cases mono- 
polar recordings with reference ear electrodes 
and bipolar recordings with electrodes linked 
in sequence were used and occasionally con- 
ventional scalp EEGs simultaneous with the 


Fig. 1 


Schematical diagram of a multi-lead needle electrode. 
Electrode 1 lies in the medial nucleus of the thalamus 
and electrode 8 on the surface of the central cortex. 
Distance of electrodes is 1 em. 


cortical and depth recordings were obtained. 
All electrograms were recorded with an 8- 
channel Sanei Model I electroencephalograph 
(time constant 0.3). 

Surgical placement of the depth electrode 
was carried out under local anesthesia. Elec- 
trograms of the cortex and deeper structures 
as well as scalp were registered for about 20 
min. in the non-anesthetized state as a control. 
Techniques of inducing anesthesia and anoxia 
are described in detail under each paragraph. 
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RESULTS 


I. Intravenous and intramuscular injection 
of thiopental sodium. 


As reported previously, when 2.5 per cent 
solution of thiopental sodium was injected 
intravenously at the rate of 2 ec. per min., 
fast activity in the cortical electrogram with 
rising amplitude appeared early followed by 
a gradual decrease in frequency. In a few 
minutes alpha activity disappeared and was 
replaced by 2 to 6/sec. waves in cortical and 
depth electrograms as the subject loses con- 
sciousness. 

Figure 2 shows electrograms of a patient 
in whom thiopental sodium was injected intra- 
venously and who was ordered to pull on a 


before pull 
injection. ]| 


pull 


shown to the right of figure 2, high voltage 
slow waves of 2 to 6/sec. appeared in both 
cortical and depth electrograms, but they were 
suppressed and replaced by fast activity dur- 
ing the period in which the subject was pulling 
the string and appeared only in the intervals 
of those pulling actions. The subject could no 
longer respond to the eall ‘‘67’’ and no re- 
sponse was seen on the tracings, which showed 
continuous slow waves of 2 to 6/sec. thereafter. 
Effect of intramuscular injection of the 
same drug on the cortical and depth electro- 
grams (fig. 3) is somewhat different from that 
caused by intravenous administration and is 
noted in table I. 
The spindle burst appeared simultaneously 
and almost synchronously in the cortical and 
pull no response 
+ 


EY 65 66 67 


V 


Fig. 2 


Effect of intravenous thiopental sodium. Left: before injection. Right: stage of transition 
to the loss of consciousness (the amount injected is 0.2 g.). The line at the top of the tracing 
is lowered when the subject pulls the string in response to the examiner’s calling of numbers. 
Note that when the subject pulls the string, slow waves are replaced by fast activity. The 
subject could not respond to the call 67 and slow waves predominate afterwards. 


string following examiner’s calling of num- 
bers (when the string is pulled a signal is re- 
corded on the ERG tracing). As narcosis 
deepened fast activity with increasing voltage 
appeared in surface and also in depth elec- 
trode tracings. Alpha activity, however, per- 
sisted in the cortical and depth electrograms 
as long as the subject could pull on the string, 
though it showed gradual slowing. In the 
stage of transition to unconsciousness, as 


thalamie electrograms but the amplitude of 
cortical spindle bursts was larger than that of 
the thalamic electrogram in both monopolar 
and bipolar recordings. These spindle waves 
reversed their phase in both cortical and thal- 
amie levels when recorded bipolarly. 
Electrographic changes at the time of intra- 
muscular injection of thiopental sodium are 
summarized as follows: the enhancement of 
cortical fast activity is less than that by intra- 


nuel 
dista 
on tl 
1 em 
in fi 
thala 
alphi 


ve 
sl 
fi 
tr 
| 
— 
‘ 


CORTICAL AND SUBCORTICAL ELECTROGRAMS IN ANESTHESIA 


venous injection, though slight increase in 
amplitude is observed initially, and the wave 
pattern changes resemble those of natural 
sleep except for the large cortical fast activity. 

The electrogram of the caudate nucleus 
during barbiturate anesthesia is shown in 
figure 4. A multi-needle carrying 4 elec- 
trodes was inserted in the head of the caudate 


pefore injection 


7 min. 
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low voltage fast activity. Intravenous injec- 
tion of 2.5 per cent thiopental sodium at the 
rate of 2 ce. per min. produced gradual sup- 
pression of caudate nucleus alpha activity and 
appearance of 4-7/sec. waves. When the sub- 
ject reached the deepest stage of anesthesia, 
0.5 to 3/see. slow waves of 100 to 200 pV. or 
over predominated. The stage of activation of 


10 min. 


15 min. 


1sec /oopV 


5 


10 
Fig. 3 


Effect of intramuscular thiopental sodium (0.5 g.). When the subject becomes drowsy (7 
min.), fast activity in the cortical region increases, while alpha activity in the cortex and 
depth is depressed. Ten minutes after the beginning of injection fast activity shows reduced 
voltage again and slow waves of around 6/sec. appear in both regions. 

Lower tracings show spindle phase. Phase reversal both in the level of cortex and depth. 


nucleus. Electrodes 10 and 11 (electrodes 
distance 1 cm.) were in the caudate, 13 was 
on the surface of the premotor cortex and 12 
1 em. below the surface. As shown on the left 
in figure 4, electrograms from the caudate and 
thalamus were similar, containing chiefly 
alpha activity mixed with a small amount of 


the caudate on which Schneider et al. (1952) 
had reported on cat was not observed in man. 


II. Rectal administration of chloral hydrate. 


Electrographic changes produced by rectal 
administration of chloral hydrate (aqueous so- 
lution of 3 g. of chloral hydrate) are similar 
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TABLE I 
ELECTROGRAPHIC CHANGES BY INTRAMUSCULAR THIOPENTAL SODIUM 
Time after Before 7-10 min. 10-15 min. 15 min. 
injection 
State of the Awake Drowsy Very light sleep Light sleep 
subject 
Cortical Alpha activity Decrease of alpha 4-7/sec. act. mixed Spindle burst of 
electrogram 13-30/see. act. act. with low voltage 12-14/sece. 
13-20/see. act. sup- 21-30/see. act. 
pressed and replac- 
ed by 21-30/see. 
act. 
Thalamic Alpha activity Decrease of alpha  4-7/sece. act. Spindle burst of 
electrogram act. 12-14/see. 
21-30/see. act. in- 
creased. 


to those by intramuscular barbiturate (fig. 5) 
and are noted briefly in table II. They are 
summarized as follows. In the initial stage 
fast activity in the cortical layer slightly in- 
creases its amplitude and reduces its fre- 
quency. This slight enhancement of cortical 
fast activity is similar to that seen under 
anesthesia by intramuscular barbiturate. The 
enhancement is more pronounced than that 
seen in the initial stage of natural sleep but 
less evident than that produced by intravenous 
barbiturate. Then cortical and depth electro- 


before injection 1 min. 


erams gradually show reduced amplitude 
again and later the wave pattern in general 
becomes very similar to that of natural sleep. 


III. Inhalation of trichloroethylene. 


Trichloroethylene has been used recently 
for a short time anesthesia in surgery and 
gynaecology. It can be inhaled easily by use 
of a simple mouth piece which covers the 
mouth and the nose. In order to secure as 
pure a response to trichloroethylene as pos- 
sible, no sedative drug was given prior to the 
examination. 


5 min. 


1 


sec 


Fig. 4 
Progressive changes of the electrogram of the caudate nucleus under intravenous thiopental 
sodium. 2: thalamus. 6, 8: central cortex. 10, 11: caudate. 12, 13: premotor cortex. Electro- 
grams of the caudate show similar changes to those of the thalamus. See text. 
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’ TABLE II 
ELECTROGRAPHIC CHANGES BY RECTAL CHLORAL HYDRATE 


Time after Before 10 min. 15 min. 30 min. 
administration 
State of the Awake Drowsy Very light sleep Light sleep 
subject 
Cortical Alpha activity 13-20/see. act. re- 4-7/sec. act. Spindle burst 
electrogram 13-30/see. act. duced and 21-30/ Period of 13-20/ 
see. act. predomin- sec. activity alter- 
ated nated with that of 
21-30/see. in 10-60 
sec. 
Thalamic Alpha activity Alpha act. reduced 4-7/sec. act. and Spindle burst 
electrogram low voltage 21-30/ 


see. act. 


Figure 6 shows a ease studied on electro- 
graphic changes brought about by inhalation 
of trichloroethylene. The outline of the 
changes is noted in table III. 

Thirty seconds after the subject lost con- 
sciousness, inhalation was discontinued and 
the subject was allowed to respire in the air. 
It was about 10 see. later when the subject 


before 10 min. 15 min. 
administration 


responded to the command to open his eyes. 
Cortical and thalamic electrograms changed 
their pattern abruptly as the subject regained 
consciousness. The voltage of fast activity 
in the cortex and alpha activity in cortical 
and depth electrograms showed marked in- 
crease simultaneously with the reappearance 
of alpha activity in the scalp EEG. Cortical 


25 min. 20min, 


Sec, 


Fig. 5 
Changes induced by rectal chloral hydrate (3 g.). When the subject becomes drowsy (10 
min.), low voltage fast activity increases with disappearance of alpha activity. During very 
light sleep (15 min.) stage of higher voltage fast activity alternates with that of lower 
voltage. Then slow waves of 4-7/sec. appear in cortex and depth (25 min.). This stage is 
followed by spindle phase (30 min.). 


Saude 
2 
{sec, 


614 T. OKUMA, Y. SHIMAZONO and H. NARABAYASHI 
TABLE III 
ELECTROGRAPHIC CHANGES BY TRICHLOROETHYLENE INHALATION ¢l 
(BIPOLAR RECORDING) 
Time after Before 30 see. 90-150 see. 250 see. SI 
inhalation 
State of the Awake Slight turbidity of Unresponsive to us 
subject consciousness but call by name ec 
responsible 
Cortical Alpha activity Voltage reduction Almost same as 30 4-7/sec. activity 
electrogram 13-30/sec. act. of alpha and 13- sec. predoninated 
20/sec. act. Random 4-7/sec. Remarkable voltage 
21-30/see. act. pre- activity reduction of 10-30 / 
dominated sec. activity 
Thalamic Low voltage alpha Decrease of alpha Random 4-7/sec. Almost flat with 
electrogrnm act. act. activity low 4-7/see. activ- 
Low voltage 21-30/ ity 
sec. act. 
electrogram, however, showed more fast ac- the function of the subcortical structure (Ta- 
tivity of 13 to 20/see. with lower voltage and naka 1951). 
less alpha activity than that of pre-inhalation When Benadry] is injected subeutaneously, 
period. The voltage of thalamic alpha ac- most of the subjects show more or less altera- 
tivity was also lower in that stage. It was tion of consciousness ranging from slight 
about 5 min. later when wave pattern re- drowsiness to sleep-like state, though there is 
covered to the pre-inhalation level. considerable individual variation in the sensi- 
In this series of experiments, the authors tivity to the narcotic effect of the drug. In- 
have no case who was followed up to deeper travenous injection has more intense effect 
stage of anesthesia characterized by appear- and some cases are induced to a state of 
ance of large delta waves because of the re- deeper anesthesia. 
striction of experimental conditions. Changes of the cortical and depth electro- 
The electrographic changes by trichloroe- %'@™s of a typical case in which 60 mg. of 
thylene inhalation are characterized by the Benadryl was given subcutaneously (fig. 7) 
parallel depression of fast and alpha activities @"¢ noted in table IV. 
in the cortical and thalamic electrograms. It _ I™travenous injection of Benadryl has sim- 
makes a sharp donivait ti by in- ilar influence on the cortical and thalamic 
travenous barbiturate. The~ subject suffers electrograms to subcutaneous injection, though 
from a slight degree of disturbance of con- the process of anesthesia advances more 
sciousness when cortical and depth electro- Yapidly. 
erams are predominated by slow waves of As shown in the table, subcutaneous and 
around 6/sec¢. intravenous Benadryl cause depression of 
; say thalamic electrograms, and general course of 
of Benadryl. electrographic changes is similar to that of 
Benadryl, one of anti-histaminics and a jatural sleep. The marked enhancement of 
derivation of ethanol amine, has the chemical ¢ortical fast activity seen at the time of intra- 
structure similar to procaine. It is well-known  yenous barbiturate anesthesia is not observed. 
that Benadryl has sedative or narcotic effect gas 
on the central nervous system and drowsiness V. Inhalation of pure nitrogen gas. ple 
or sleepiness is a chief side-effect of the drug. There have been many studies of the effect fill 
Some authors think that Benadryl affects the of anoxia or hypoxia on the electrical activity ord 
cerebral cortex and others suggest it blocks of the brain and the state of consciousness, exa 
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but relationships between the electrographic 
changes of the cerebral cortex and deeper 
structures and alteration of consciousness 
have not yet been investigated on the human 
subject. 

In our eases, nitrogen gas was inhaled by 
use of a rubber mouth piece with two outlet 
covered with valves, which prevent nitrogen 


before inhalation 
30 sec. 


1 to 10 and the time when he discontinued to 
count was taken as a sign of loss of conscious- 
ness. After a few minutes of respiration in 
the air with scalp and depth electrodes and a 
mouth piece attached on the subject, nitrogen 
gas was sent to the mouth piece. 

Figure 8 shows a typical course of electro- 
eraphie changes at the time of nitrogen in- 


90 sec. 


2-3 


LF 


150 sec. 250 sec. 


30 see. postinhal. 


Fig. 6 
Recording during inhalation of trichloroethylene. Note progressive reduction of voltage of 
cortical fast activity. Alpha activity in the cortex and depth also disappears gradually. Large 
rhythmical swings of the base line in the lower tracings are artifacts due to inereased pulsation 


of the brain. 


gas from mixing with expired air. The mouth 
piece was connected to a large Douglas bag 
filled with nitrogen gas. The subject was 
ordered to count on his fingers following the 
examiner’s repeated callings of numbers from 


halation recorded by monopolar method. The 
outline of the electrographic changes is noted 
in table V. 

About 55 see. after the beginning of in- 
halation when the subject could count on 
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TABLE IV 
ELECTROGRAPHIC CHANGES BY SUBCUTANEOUS BENADRYL 


Time after Before 10 min. 15 min. 20 min. 
injection 
State of the Awake Drowsy Very light sleep Light sleep 
subject 
Cortical Alpha activity. Alpha and 13-20/ 4-7/sec. act. Spindle burst of 
electrogram 13-30/see. act. see. act. reduced in 21-30/see. act. de- 12-14/see. 
voltage and re- creased 
placed by 21-30/ 
sec. act. 
Thalamie¢ Alpha activity Alpha activity 4-7/sec. act. Spindle burst of 
electrogram decreased 12-14/see. 


fingers no more (fig. 8, a), continuous large 
slow waves of 2 to 5/sec. predominated in the 
record. The appearance of large slow waves 
was almost simultaneous in cortical and depth 
electrograms or a little earlier in the former. 


before 10 min. 


ry 


5 


R 


inhalation of nitrogen gas was discontinued a 
the same time (fig. 8, b). During the period 
of convulsion, the electrogram was unreadable 
because of artifacts by the movements. After 
5 sec. convulsion ceased (fig. 8, c) and slow 


i5 min. 20 min. 


pal 


Fig. 7 
Effect of subcutaneous Benadryl (60 mg.). Fast and alpha activities in 
the cortex and depth show reduced voltage as the subject becomes drowsy 
(10 min.). Then 4-7/see. activity (15 min., very light sleep) and spindle 
bursts (20 min., sleep) appear in all leads. 


Loss of consciousness appeared to coincide 
with the continuous appearance of those slow 
waves in the cortical and depth electrograms. 
Five seconds after the subject lost conscious- 
ness, slight myoclonic convulsion occurred and 


waves of 6/sec. appeared as a burst in cor- 
tical and depth electrograms for 2 to 3 see. 
The subject began to count on fingers again 
at d (fig. 8) and the electrographic pattern 
became similar to that of the pre-inhalation 
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TABLE V 
ELECTROGRAPHIC CHANGES BY NITROGEN GAS INHALATION 
Time after Before 10-20 see. 30-40 see. 45-50 see. 55 see. — 
inhalation 
State of the Awake Unconscious 
subject 
Cortical Alpha activity. Voltage redue- Voltageofalpha Higher voltage High voltage 
electrogram 13-30/see. act. tion of alpha and _  13-20/see. of alpha and = 2-5/see. act. 
and 13-20/see. act. increased 13-20/see. act. Low voltage 
act. Activity of 4-7/see. act. fast act. super- 
around 15/see. imposed 
predominated 
Thalamie Alpha activity Voltage redue- Voltageofalpha Higher voltage High voltage 
electrogram tion of alpha act. increased alpha aet. 2-5/sec. act. 
act. 


period abruptly. For a few minutes after the 
subject regained consciousness, fast and alpha 
activities in cortical and thalamic electrograms 
showed slight increase of voltage and dura- 
tion. The fact that the subject showed slight 
euphoria or hypomaniacal state in this period 
might be comparable to the similar phenom- 
enon observed during recovery from bar- 
biturate anesthesia. 


vefore inhalation 


Bipolar recording on the same subject 
with electrodes linked in series showed similar 
finding to that of monopolar recording men- 
tioned above, but changes of amplitude and 
duration of cortical fast activity could be 
revealed more clearly and remarkably by bi- 
polar recording (fig. 9). Loss of conscious- 
ness was coincident with the appearance of 
delta waves in thalamic electrogram. These 


30 sec. 


2 


eer 2 min. 
$d, post-inhalation 
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Fig. 8 
Changes during nitrogen gas inhalation (monopolar recording). 


unconscious 
a. 


Fast activity in the cortical 


electrogram shows increased amplitude and duration and slow waves of around 6/sec. appear 
in the cortex and depth (30-40 sec.). Then slow waves of 2-5/sec. predominate (50 sec.) and 
the subject loses consciousness (a) ; b-e: clonic convulsion; d: the subject regained consciousness. 
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changes of fast activity in the cortex which 
is easily revealed by. use of direct recording 
ean hardly be detected by investigation of 
electroencephalogram led via scalp. 


COMMENT 


Electrographic changes induced by various 
anesthetic drugs are divided into three groups 


before inhalation 


and depth electrograms disappeared and was 
replaced by large theta and delta waves when 
the subject lost consciousness (fig. 10, H and 
I). (2) Inhalation of trichloroethylene, sub- 
cutaneous and intravenous injection of Bena- 
dryl, subcutaneous injection of scopolamine 
hydrobromide (reported in previous paper, 
Okuma et al. 1954) produced gradual de- 


unconscious 


5° sec. ja 


convulsion 


Tsec. sec. 


Fig. 9 
Changes during nitrogen gas inhalation (bipolar recording). Enhancement of the cortical 
fast activity is seen evidently. Loss of consciousness coincides with appearance of large slow 
waves in the depth and cortex. 7-E: monopolar recording. 


according to the study of cortical and depth 
electrograms. (1) When barbiturate was ad- 
ministered intravenously, fast activity in the 
cortical layer showed remarkable increase of 
amplitude and duration in the initial stage 
(fig. 10, G). Then alpha activity in cortical 


pression of cortical fast activity. Alpha ac- 
tivity in cortical and depth electrograms dis- 
appeared gradually and was replaced by theta 
waves (fig. 10, B and C). These changes were 
similar to those of natural sleep. (3) Rectal 
administration of chloral hydrate and intra- 
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muscular injection of barbiturate temporarily 
caused slightly increased amplitude of cortical 
fast activity initially, with reduced incidence 
and voltage of alpha activity (fig. 10, E). 
After a while theta waves predominated in 
the record (fig. 10, and then -a shift to 
the spindle phase followed. The third group 
of wave pattern is intermediate between the 
first and the second group. In most cases a 
spindle phase occured (fig. 10, D). 

The difference of wave pattern in various 
anesthesias was probably due to several factors. 
The first was the difference in the anesthetic 
drug itself. There are considerable variances 


These facts suggest that electrographic 
changes in anesthesia can be explained not 
only by the difference in the drug, but in the 
mode of administration. The method of ad- 
ministration results in variations of drug con- 
centration in the blood and brain and in- 
fluences the rate of increase and decrease of 
the effective concentration. Nervous system 
function is probably disturbed more severely 
with higher concentrations of drug. It is, of 
course, impossible to compare the action of all 
anesthetic drugs with similar methods of ad- 
ministration, but in the present study each 
anesthetic, if possible, was given in different 


natural sleep, trichloroethylene, Benadryl, scopolamine. 


A 


alpha fast 


13-2C/'s,21-30/s 


cortex 


thalamus 


4-7/s 


chloral hydrate, barbiturate ( intramuscular ). 


F D [spindle phase 


barbiturate ( intravenous ). 


H 
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Fig. 10 
Schematical illustration of changes of the cortical and depth electrograms in various anesthesias. 


See text. 


between the electrographic changes following 
intravenous injection of barbiturate, classified 
as a brain stem narcotic by Pick (group 1 in 
our division), and those caused by inhalation 
of trichloroethylene, cortical narcotic (Pick 
1927) (group 2 in our division). Sub- 
cutaneous injection of scopolamine hydrobro- 
mide, though classified as a brain stem nar- 
cotie by Pick, shows the electrographic chan- 
ges of the second group. When barbiturate is 
injected intramuscularly, enhancement of 
cortical fast activity is not so remarkable as 
that produced by the same drug administered 
intravenously, and the changes are classified 
as the third group in our division. 


ways and effects on the cortical and depth 
electrograms were compared. 

The electrogram following Benadryl does 
not vary much with different routes of admi- 
nistration. Cortical and depth electrograms 
showed gradual diminution of amplitude with- 
out marked enhancement of cortical fast activ- 
ity even when the drug was given intra- 
venously. Apparently the action of Benadryl 
on the central nervous system is not so strong 
in a given dose as that of barbiturate and the 
influence of the drug on nervous tissue does 
not depend on the method of giving it. 

These facts indicate that change of the 
electrical activity of the brain at the time of 
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anesthesia is a function of several variables: 
chemical structure of the drug, effective con- 
eentration of the drug in blood, the rate of 
increase and decrease of the concentration, 
affinity of the drug to any specific structure 
of the brain, ete. 


Since the initial report by Berger, there 
have been many studies on the electroenceph- 
alogram during anoxic state in man. In 
general electroencephalographic changes dur- 
ing anoxia or hypoxia may be divided into 
four stages: (1) stage of little alteration in 
EEG, (2) stage of decreased amplitude and 
duration of EEG, (3) stage of increased am- 
plitude and duration of EEG and also of 
regularity of the wave pattern, (4) stage of 
remarkably increased amplitude and duration 
of waves with appearance of large delta waves 
(Gibbs and Davis 1935; Bremer 1936; Davis, 
Davis and Thompson 1938; Gibbs and Gibbs 
1941; Motokawa 1947; Shimazono 1951; Ka- 
samatsu 1952; ete.). The appearance of delta 
waves and loss of consciousness are not always 
simultaneous, and in most cases appearance of 
delta waves precedes loss of consciousness by 
several seconds. Using automatic frequency 
analysis Brazier (1948) reported that the do- 
minant frequency showed gradual slowing at 
reduced oxygen level. 


In our study of hypoxia change of cortical 
fast activity was observed which was undetect- 
able via scalp recordings. Central cortical fast 
activity showed slight initial depression of 
amplitude followed by gradual increase of am- 
plitude and duration. In one case delta waves 
were not evident and only the slowing and 
enhancement of cortical fast activity were ob- 
served during loss of consciousness. Our find- 
ings suggest a correlation between cortical 
fast activity and cerebral cortical dysfunction 
with altered consciousness. 

Delta waves appear from cortex and deep 
structures almost simultaneously or a little 
earlier in the cortical electrogram as hypoxia 
progresses and loss of consciousness coincides 
with the continuous delta waves in the cortex 
and thalamus. 

There have been many studies on the 
changes in electrical activity of the brain of 
experimental animals under hypoxia or ische- 
mia. Differences in the tolerance of various 


parts of the central nervous system to ischemia 
were reported by Sugar and Gerard in 1938, 
but most of the reports indicate that the elec- 
trical activity of the cerebral cortex and sub- 
cortical nuclei disappears simultaneously in 
advancing ischemia (Ganshirt et al. 1952; 
Jung 1953; Hirai et al. 1956). The diverse 
findings in animal and human subjects may be 
due to differences in experimental conditions 
and varying tolerances of human and animal 
brains to the hypoxic state. 


Alpha activity is recordable from widé 
areas of the brain and shows parallel changes 
in the cerebral cortex and subcortical regions 
during sleep, anesthesia and other alteration 
of the level of consciousness. It is suggested 
that alpha activity bears close relationship to 
brain functions which maintain consciousness. 
Our findings also suggest that alpha activity 
mechanisms in the cortex and subcortical re- 
gions are in close relation, whether or not 
there may be a reverberating circuit between 
the cortex and thalamus. 


During sleep, anesthesia and hypoxia theta 
and delta waves appear and disappear in 
cortical and depth electrograms almost si- 
multaneously. Spiegel et al. (1951) reported 
some cases of petit mal epilepsy in which 3/sec. 
spike and wave pattern appeared in the 
thalamic tracing first and from the scalp lead 
a few seconds later. Knott, Hayne and Meyers 
(1950) stated that changes of electrical ac- 
tivity of the brain during natural and arti- 
ficially induced sleep initially appeared in the 
thalamus and striatum and outlasted the cor- 
tical changes. In our cases such a marked dif- 
ference was not seen. We think that alpha 
and slow waves in the cortex and subcortical 
regions are closely related and may represent 
the state of brain function as a whole. 

Natural sleep, trichloroethylene inhalation, 
subeutaneous Benadryl and scopolamine hy- 
drobromide cause gradual depression of fast 
activity in the central cortex as well as alpha 
activity in cortex and thalamus (fig. 10), 
though the fast activity shows transient slight 
increase of amplitude in some eases. Intra- 
venous barbiturate, on the contrary, enhances 
fast activity in the cortical electrogram re- 
markably. The fast activity persists but is 
partly masked by large slow waves during ad- 
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vancing anesthesia. The alternation of the 
fast and slow patterns during that period in- 
dicates a functional shift from waking state 
to unconsciousness. These findings are similar 
to those of Hayne et al. (1949), Sem-Jacobsen 
et al. (1953, 1955), Bickford et al. (1953) 
and other authors. 


Cortical fast activity increases slightly in 
amplitude and regularity after recovery from 
barbiturate anesthesia and hypoxia even when 
alpha activity reappeared in cortical and sub- 
cortical tracings, and the subjects show slight 
euphoria in this stage. These facts suggest 
that cortical fast activity is not of primary 
significance in maintenance of consciousness 
but rather modifies the state of consciousness. 


In concluding this report, the authors pro- 
pose a hypothetical explanation of electro- 
graphic changes in the cerebral cortex and 
deeper structures during various kinds of al- 
teration of consciousness as follows. In the 
stage in which cortical fast activity shows some 
change but alpha activity persists in cortex 
and thalamus and the subject is awake, func- 
tion of the cerebral cortex is chiefly affected. 
From the stage in which alpha activity dis- 
appears and is replaced by slow waves of 
4 to 7/see. to the stage of spindle burst, the 
subject cannot percept his surroundings sub- 
jectively but can be awakened readily by ap- 
propriate stimuli. In such a stage function 
of cortico-diencephalie system may be affected. 
Finally in the stage in which large delta waves 
predominate in cortical and depth electro- 
grams and even strong stimulus can hardly 
awaken the subject, the lower part of the brain 
— caudal hypothalamus or midbrain — is 
also affected. It seems unreasonable to divide 
anesthetic drugs into cortical and brain stem 
anesthetics schematically. Effect of various 
anesthetic drugs on the central nervous system 
may be analyzed more clearly from the view 
point such as mentioned above. 


SUMMARY 


At the time of stereoencephalotomy, elec- 
trograms of the central cortex, subcortical 
white matter and diencephalic nuclei were re- 
corded together with scalp EEG and effects 
of several anesthetics and hypoxia on the 
cortical and depth electrograms were in- 
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vestigated in relation to the neural mech- 
anism underlying alteration of consciousness. 

The investigations were carried out on 
patients with neurological disorders, those 
being chosen with normal or near normal 
EEGs. 

1. Augmentation of cortical fast activity 
by intramuscular thiopental sodium was not 
so remarkable as that caused by intravenous 
administration. After an initial stage of 
slightly increased voltage and duration, am- 
plitude of cortical fast activity gradually de- 
creased. Alpha activity in cortical and sub- 
cortical regions also disappeared and was re- 
placed by slow waves of around 6/see. In 
several minutes spindle bursts appeared in all 
leads. When the subject was awakened slight 
increase in the voltage of cortical fast activity 
persisted for a while, even though alpha 
activity reappered in cortical and subcortical 
regions. Electrographic changes by rectal 
chloral hydrate were similar to those by in- 
tramuscular barbiturate. 

2. Inhalation of trichloroethylene caused 
gradual depression of cortical fast activity and 
substituted 4 to 7/sec. slow waves for alpha 
activity. Gradual depression of cortical and 
subcortical electrograms was also shown by 
subcutaneous and intravenous Benadryl with 
little augmentation of cortical activity. 


3. Inhalation of pure nitrogen gas develop- 
ed an initial depression of cortical and sub- 
cortical activity followed by a period of in- 
creased voltage and duration. Cortical fast 
activity showed gradual slowing and enhan- 
cement with advancing hypoxia. Loss of 
consciousness was almost coincident with ap- 
pearance of delta waves in the cortex and 
depth. After the recovery of consciousness 
the fast activity tended to remain augmented. 


4. From the findings on the clinical and 
electrographic effects of anesthetics and hy- 
poxia, it is suggested that alpha activity mech- 
anism is closely related to maintenance of 
waking state. Changes of cortical fast activity, 
on the other hand, have no primary signifi- 
cance for wakefulness or loss of consciousness 
but rather modify the state of consciousness. 
Neural mechanism underlying alteration of 
consciousness was discussed from this view 
point. 
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A Study on Humans Under the Influence of LSD and Mescaline 
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Correlation of behavioral changes with 
scalp electroencephalograms has been notably 
unrewarding, although it is difficult to 
imagine that such behavioral changes could 
occur without distinct electrophysiologic mani- 
festations in the central nervous system. The 
development of techniques for implanting 
cortical and subcortical electrodes in humans 
has offered a considerable refinement in the 
experimental procedure of establishing such 
mind-brain correlations (1, 8, 10). Despite the 
erudeness of both the instrumentation and 
manipulation by neurophysiologic standards, 
some attempts at correlations have already 
been reported in the literature using the 
electrode implantation technique (5, 19, 27, 
37, 45, 46). Thus, Hodes et al. found septal 
spiking in schizophrenics (24) ; Sem-Jacobsen 
et al., high amplitude paroxysmal slow waves 
correlated with hallucinations (47) ; and Lesse 
et al., fast spindling activity with emotionally 
significant memories (28). Further data on 
correlations of behavior and brain activity 
have resulted from subcortical stimulation 
through these same recording electrodes (4, 
5, 6, 18, 20, 31). It seemed reasonable, then, 
that by inducing behavioral changes with 
drugs we might have a controlled method of 
correlating behavioral and brain electro- 
graphic activity. Preliminary studies have 
already verified the usefulness of this method, 
particularly with the barbiturates, reserpine, 
chlorpromazine, and alpha chloralose (3, 21, 
33, 34, 35). 

As d-LSD-25 and mescaline most con- 
sistently induce behavioral changes char- 
acteristic of psychosis, it seemed that it might 
be particularly fruitful to study the effect 


of these drugs on the depth electrograms 
despite the lack of consistent scalp electro- 
encephalographic changes reported in the 
literature. Inasmuch as many behavioral 
characteristics of the reaction to these drugs 
are those of an exogenous or toxic psychosis, 
particularly the distorted perceptual symp- 
toms and illusory phenomena, it is surprising 
that there is not more cortical involvement 
revealed by the electroencephalogram. How- 
ever, the clouding of sensorium and memory 
loss characteristic of the classic toxie psycho- 
sis is lacking, and other symptoms, particular- 
ly bodily distortions, feelings of depersonaliza- 
tion, and vague referential paranoid ideas, 
are more suggestive of early schizophrenia, a 
disease with a noticeable lack of characteristic 
scalp electroencephalographic patterns (22, 
23). The change, usually induced by these 
drugs on the scalp electroencephalogram is 
characterized by the disappearance of the 
alpha activity apparent in the relaxed record, 
with the subsequent appearance of beta ac- 
tivity characteristic of tension (41, 42). How- 
ever, a recent report by Berecel et al. (2) 
suggests that even the scalp recordings may 
be of more significance than merely reflecting 
an inerease in tension. In his 25 patients, 7 
showed an increase rather than a decrease in 
the alpha index. The beta activity when noted 
spread slowly from the central (Rolandic) 
region to other areas, rather than appearing 
simultaneously throughout the cortex with the 
disappearance of alpha as one would expect 
with alertness or tension. Three of their pa- 
tients showed paroxysmal activity of 6 per 
see. bursts in all leads; and 4, paradoxical 
alpha activity. Delay (7) reported that ex- 
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tremely high doses in rabbits caused complete 
flattening of the record with the disappear- 
ance of the rhythmic element. A more recent 
study in animals by Schwarz et al. (44) in- 
dicates that mescaline placed intraventricu- 
larly induces paroxysmal activity in the form 
of 3 to 4 per sec. sharp waves in the temporal 
region, as well as longer paroxysms of 10 ¢/see. 
beginning in the right frontal-temporal area, 
spreading to the occipital region, finally in- 
volving the whole hemisphere. Schwarz ef al. 
(43) in another study with subcortically im- 
planted electrodes in humans showed that mes- 
ealine and LSD induced, particularly from 
the depths of the temporal lobes and the 
ventral medial region of the frontal lobes, 
paroxysmal discharges which consisted of 2 
to 7 per sec., spike focus in an epileptic pa- 
tient, and continuous focal high amplitude 
slow waves from the ventral medial regions 
of the frontal lobe during pronounced hallu- 
einations. Generally, these responses were 
reversed by chlorpromazine. Thus, it seems 
definite that paroxysmal activity occasionally 
ean be induced on the surface of the cortex 
and in the isocortex by mescaline and d-LSD- 
25. The authors felt that extensive subcortical 
recordings might reveal more consistent elec- 
trophysiologic abnormalities than have been 
found with cortical or sealp recordings. 

In this study we recorded not only from 
isocortex but also from the deeper juxtallo- 
cortical, allocortical, and diencephalic struc- 
tures in humans whose behavior was altered 
by the administration of d-LSD-25 and mesca- 
line, after first establishing careful behavioral 
and electrographic baselines.. The rationale 
and theoretical considerations which deter- 
mined the electrode placement have been pre- 
viously reported (17). As a further check, 
attempts were made to reverse the behavioral 
changes by using reputed blocking agents such 
as Frenquel (alpha-piperidyle-diphenyl car- 
binol hydrochloride), chlorpromazine, and 
reserpine. The behavioral changes and electro- 
graphic changes were compared with those in- 
duced by alpha chloralose, which has already 
been shown to induce both cortical and sub- 
cortical hypersynchronous activity (34, 35). 
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METHOD 


Six patients who had subcortical and 
cortical electrodes implanted by the stereo- 
taxic method, augmented by  ventriculo- 
graphy (1), were used in this study.! These 
were chronically ill patients who had not re- 
sponded to known therapeutic measures, the 
subcortical electrodes being implanted for 
therapeutic purposes, namely, electro-stimula- 
tion (17). Table I is a summary of the drug 
experiments. It will be noted that 4 of the 
6 patients were unquestionably schizophrenic; 
one was diagnosed an acute schizophrenie, al- 
though there was a question of psychomotor 
epilepsy, and one suffered from paralysis 
agitans. Fourteen studies were done with 
d-LSD-25, ranging in doses from 50 to 
200 pg. There were 9 attempts to block the 
d-LSD-25 reaction, 6 with Frenquel, one with 
reserpine, and 2 with chlorpromazine. Two 
studies were done on 1-LSD-25, 6 with 400 
to 500 mg. mescaline either by mouth or 
intravenously, and 2 attempts were made to 
block the mescaline reaction, once with 
Frenquel, another with chlorpromazine. These 
data were compared with the results of 5 
studies on the same patients receiving 500 mg. 
alpha chloralose plus 1% mg. scopolamine, de- 
tails of which have been reported before (34). 
The locations of the intracranial electrodes 
were as follows: 21 electrodes resting on the 
pia-arachnoid over the cortex, 19 in the 
septal region, 26 in the hippocampus and/or 
amygdaloid region, 9 in the hypothalamus, 
and 6 in other areas including the caudate, 
thalamus, nigra and pallidum. 

Details of the technique for implantation 
described elsewhere will not be repeated here 
(1). Briefly, in the operating room there was 
a fixation of the stereotaxic instrument to 
the patient with ventriculograms taken on a 
superimposed grid corresponding to the two 
planes of the stereotaxic instrument. Localiza- 
tion of subcortical areas was determined by 
relationships to bony structures and air in 


1 This was a multidisciplinary research program 
under the direction of Dr. Robert G. Heath, Chairman 
of the Department of Psychiatry and Neurology, 
Tulane University School of Medicine. The program 
is supported by the Commonwealth Fund. 
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the ventricles. Placement of the electrodes was 
checked during the operative procedure and 
repeatedly throughout the studies. There were 
no changes in position of these electrodes ex- 
cept for patient A-22. This occurred after the 
present studies had been completed. The two 
most significant areas for this particular 
study were the septal and hippocampal-amyg- 
daloid regions. The septal region has been 
defined by Heath as follows (16): The caudal 
border of this area is the anterior commissure ; 
the rostral extent, the tip of the anterior horn 
of the lateral ventricles. Medially the border 
is the midline space separating the hem- 
ispheres, while dorsally the border is the 
septum pellucidum proper and the base of 
the lateral ventricle. Ventrally, the area ex- 
tends to the base of the brain, and laterally, it 
extends about 5 mm. from the midline. Thus, 
it includes in whole or part the subecallosal 
gyrus, rostrum of the corpus callosum, ol- 
factory tubercle, septal nuclei ‘proper, sub- 
eallosal fasciculus, pyriform cortex, and 
various olfactory pathways. Although phys- 
iologically and anatomically the amygdaloid 
and hippocampal regions are separate entities, 
because of the difficulties determining in 
some instances whether’ electrodes -were 
definitely in the hippocampus rather than in 
the amygdala, they have been grouped to- 
gether. The main landmarks used for deter- 
mining this region were the rostral tip and 
eaudal aspect of the temporal horn of the 
lateral ventricle. 

Following the operative procedure, a 
period of 2 weeks to one month was allowed 
for the electroencephalogram to return to the 
baseline, as the trauma of electrode place- 
ment usually induced focal slow wave activity 
which subsided during this waiting period. 
All the patients had extensive psychiatric, 
neurologic, and psychologic work-ups as de- 
scribed elsewhere (17). For extended periods 
prior to the studies reported here, their be- 
havior was followed closely on the wards, 
during electrographic recordings, and on visits 
outside the hospital. 

The recordings were made on the standard 
8-channel Grass machine using both monopolar 
and bipolar methods. On some occasions, two 


8-channel machines were synchronized to give 
a 16-channel recording. Both scalp and intra- 
cranial electrograms were made in all instances 
with and without the use of muscle filters. 
A baseline recording was made before each 
test, and the recording continued until the 
drug effect reached its peak. Follow-ups were 
then made for 15 to 20 min. periods, 4 to 6 
hours after the previous recording. On 
selected occasions, an Offner frequency 
analyzer was used. This was calibrated with 
the aid of a standard oscillator and oscillo- 
scope which gave the appropriate Lissajous 
figures. The drift in analyzer was 0.1 per 
cent after a 3-hour warm-up. Our machine 
was stable enough so that weekly calibrations 
proved sufficient. The patients rested on a 
comfortable bed in a large, air-conditioned, 
sound-attenuated room, with all instrumenta- 
tion and technical assistants in an adjoining 
room, where a large one-way mirror allowed 
constant observation of the patient. A 2-way 
speaker system made it possible to hear spon- 
taneous productions of the patient or to talk 
to the patient without entering the room. At 
the time of the baseline recording, a brief 
mental status examination was done. This was 
particularly oriented towards determining 
attitudes about the present study, feelings 
towards the examiner, basic affect, and im- 
mediate ideation, particularly as regards the 
presence of hallucinations or ‘delusions. Sen- 
sorium was checked in some detail. At one- 
half hour intervals during the experiment the 
sensorium was re-checked and the patient was 
asked about subjective changes without re- 
sorting to leading questions. The meaning of 
overt changes in behavior was discussed. 
During the baseline and at 15 min. intervals 
after the patient received mescaline or d-LSD, 
he was told to close his eyes. The examiner 
pressed lightly on his eyeballs asking what he 
saw. The flashing lights induced were often 
perceptually distorted into visual hallucina- 
tions. After the experiment was over, the 


patient was directly questioned about sub- 
jective changes, such questions being: ‘‘ Have 
you ever had these feelings before ? Did the 
room change in apparance ?’’ ete. Positive 
responses to these direct questions were eva- 
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luated carefully as we were well aware of 
the suggestive element of subjective changes. 
Behavior was followed closely for the next 
24 hours. There was always a period of at 
least 36 hours between the experiments with 
different drugs, and in some instances sub- 
sequent studies were delayed as long as a week 
because of the persisting effect of the previous 
experiment. 


RESULTS 
Individual responses 


A-11. This patient was a 31-year-old 
mute, manneristic, catatonic schizophrenic who 
had been psychotic for the previous 10 years. 


L.F. Cortex to,L. Ear 

R.A. Amyg.- Caudate 


R. A, Hippo.-R. P. Hippo. + 


R.P. Hippo.- Amyg. 


Electrograms showed only a decrease in 
the small amount of alpha present in the 
baseline and some increase in the beta activity 
on the cortex as well as in the caudate area 
(fig. 1). During a period of 4 hours there 
were 3 episodes of paroxysmal 6 per sec. waves 
coming from all leads, with highest amplitudes 
located in the hippocampal-amyedaloid region. 
These were of doubtful significance as they 
occasionally occurred in the baseline record- 
ings. After 19 days’ administration of 50 mg. 
Frenquel three times daily, the response to 
100 pg. of d-LSD-25 seemed to be the same 
as above described, both behaviorally and 
electrophysiologically. There were still infre- 


R.A. Sept Coudgte 
Caudate-L.P. Hypo. 
sec. 
LP. Hypo.-R.A. Sept 
A-ll Baseline 3/7/55 Post d-LSD-25 
Fig. 1 


Increased beta, cortex and caudate following d-LSD-25. 


while on Frenquel 50 mg. t.i.d. 


Although untidy, he did take care of his 
personal needs. He had not responded with 
clinical improvement to EST, Frenquel, re- 
serpine, or chlorpromazine. Since he was in- 
accessible for the usual psychiatric testing, 
it was difficult to ascertain what subjective 
effect, if any, 100 ng. d-LSD-25 had on this 
particular patient. The afternoon and evening 
following the administration of the drug, he 
was more negativistic, refused to feed himself, 
and would not cooperate for follow-up studies. 


Similar change 


quent episodes of paroxysmal activity, but 
again these were so rare as to be of doubtful 
significance insofar as having been induced 
by the drug. As before, the fast activity in 
the cortex and caudate was noted. Despite 
Frenquel, he again showed increased neg- 
ativism the afternoon following the exper- 
iment. 

A-12. This 27-year-old patient was a 
paranoid schizophrenic who had withdrawn 
from all social contact and suspiciously evaded 
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questions about her underlying delusions of 
persecution. Periodic anxiety and rage attacks 
made hospitalization necessary, although pa- 
tient steadfastly denied that she was men- 
tally ill. Her unecooperativeness made an 
evaluation of either the d-LSD or mescaline 
reaction difficult. Despite 200 pg. of d-LSD- 
25, the patient showed little clinical change ex- 
cept for minimal somatic sensations such as 
numbness in the arm. She was more evasive, 
at times would laugh inappropriately, all of 
which she occasionally showed spontaneously. 
There were no discernible changes in the elec- 


L.F.-L.P. Cortex 


R.F.-R.P. Cort 

ie A. R. 

R.A.Sept.- -R.P. Hippo. 

R.P Sept.-L.P. Sept. 

L.P. Sept.- R.A.Sept. 


electrograms showed definite changes after the 
mescaline. Although the response was dif- 
ferent on two occasions, so was the baseline 
which, despite the change within a period of 
one month, was stable, that is, identical to 
that shown in figure 2 for at least one week 
before and after the experiment. In the first 
instance after mescaline there appeared 
paroxysmal 10 per see. activity coming pre- 
dominantly from the left anterior hippocampal 
region ; while on the other occasion there were 
episodes lasting for periods up to 20 see. of 
high amplitude delta activity in the right 


| 


R.A.Sept.- L.A. Sept. | 
5 hr. post Mescaline Baseline 3hr: post Mescaline 
7 2/10/54 2/10/54 3/10/54 3/10/54 
Fig. 2 
Different response to mescaline — note difference in baseline. Patient 


showed no EEG changes with d-LSD-25. 


trograms, but there was considerable beta 
activity present in the baseline cortical 
electrograms. 

This patient received mescaline on 2 ocea- 
sions. In both instances the behavioral re- 
sponse was more dramatic. She was more 
open in expressing her hostility and negati- 
vism. In comparison to d-LSD-25, she ad- 
mitted that this drug made her upset even 
though she refused to describe her subjective 
feelings. She did admit to a number of so- 
matie complaints such as nausea, numbness, 
blurred vision, and headache. Once, the 
nausea was accompanied by vomiting. The 


anterior septum, accompanied by sharp high 
amplitude spikes in the right septal and hip- 
pocampal areas reflected also in the right 
cortex (fig. 2). 

A-16. This 33-year-old patient had been 
psychotic for 10 years. At the time of the 
present studies, although evasive in certain 
areas, she was quite loquacious and coopera- 
tive, willing to talk about her subjective feel- 
ings. Her emotional response was one of bland 
indifference, inappropriateness, or silly gig- 
oling. She was unkempt, dishevelled, rambling, 
and scattered in her productions. Although 
not hallucinating, she had a number of bodily 
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delusions and sexual preoccupations. The 
behavioral response te d-LSD-25 was dra- 
matic. She said she felt ‘‘ peculiar’’, appeared 
frightened, was extremely restless, writhing 
in bed as if orgastic. She would reach out, 
grab or kiss the doctor, then push the doctor 
away while expressing numerous guilty and 
expiatory feelings. At the height of this, she 
had visual hallucinations of ‘‘tombstones on 
the ceiling’’. The electrograms at the height 
of the drug effect showed a sharp 8 to 10 
per sec. wave followed by a slow 214 per 
sec. component coming from the anterior hypo- 


ex | 


L.F. (Scalp)-2 Ears 


A.Hippo.- A. Hypo. 


R. P. Sept.-L. P. Sept. 
As 
L.P Sept.- R.A. Sept. 


R.A. Sept.-L.A. Sept. 


| | sec. 


Baseline 6/16/54 


Fig. 3 


Sharp wave with slow component from hypothalamus. 
in septal region and post. hippocampus. 


delta (not shown in figure). 


thalamus (fig. 3), and occasional sharp spikes 
from the posterior hippocampus and through- 
out the septal area. At the same time, there 
was considerably more high amplitude delta 
background activity in the septal leads. Beta 
activity present in the cortical leads during the 
baseline seemed to be definitely increased, 
although this is not apparent in figure 3. 
Nine months later, after a subsequent elec- 
trode re-implantation, she underwent a similar 
study. Although this time she denied hallu- 


einations, her behavior was otherwise similar. 


Even more dramatically than in the previous 
studies high amplitude delta activity in the 
septal region definitely increased. At other 
times, in both the septal and hippocampal 
regions there were high amplitude 6 per sec. 
flat-topped waves lasting for 20 to 30 see. 
Also in the hippocampal leads there would be 
bursts of sometimes 15 per sec., other times 
25 to 30 per sec., activity which occurred in 
oceasional baseline recordings and was pre- 
sumed to be associated with emotionally 
charged memories (11). The frequency an- 
alyzer revealed a definite shift in all deep 


4 


Post d-LSD-25 


Spike also occurred 
Septal region showed increased 


leads to the slower wave frequencies, with 5, 
6, and 7 per sec. waves present in the 
baseline virtually disappearing to be replaced 
by 1, 144, and 2 per see. activity. 

At the height of the clinical response, the 
patient was given 80 mg. of Frenquel intra- 
venously. As she had had amytal on numerous 
oceasions in the past to quiet her down, the 
suggestive effect of such an injection is ob- 
vious. In any event, she immediately relaxed. 
However, there were only minimal changes on 
the electrograms. The high amplitude delta 
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activity in the septal region diminished, but 
the paroxysmal activity continued even though 
her behavior was considerably better, there 
being much less agitation with accompanying 
hyperventilation. The electrographic changes 
may have been the result of this rather than 
the direct effect of Frenquel (fig. 4). 

A-19. This 28-year-old patient had simple 
auditory hallucinations of God talking to him 
and at times calling him accusatory names 
which rarely would elicit a rage response with 
destructiveness. Otherwise, he was emotion- 
ally flat and isolated, giving the appearance 


L.F.-Scal Eors 


R. Hoo H ball 


L. Hypo.-L. Hippo. 
ke ept.-L. Hypo. 


R.P. Sept.-L, Sept. 


Post d-LSD-25 


Baseline 3/4/55 


inerease in beta activity after both drugs, the 
only difference in the electrograms was the 
appearance of high amplitude delta activity 
with the baseline frequency superimposed, 
appearing in the septal leads. These slow 
waves were not associated with sleep. The 
experiment was repeated on a_ subsequent 
occasion after the patient had been on 25 mg. 
Frenquel t.i.d. for a period of 11 days. Al- 
though behaviorally the response was very 
much the same, this time the slow activity in 
the septal region was not apparent. On neither 
occasion did the patient admit to hallucina- 


Post d-LSD-25 & post 
Frenquil 


Fig. 4 


Slow activity in septum induced by d-LSD-25. Question whether Frenquel 
responsible for decrease in slow activity. 


of a mental defective. He either could not or 
would not give any detailed subjective data. 
This patient received relatively low doses of 
d-LSD-25 (50 pg.). His only comment after 
the drug was that everything ‘‘moved fast’’, 
by which be meant that his own actions and 
those of others seemed particularly quick. He 
did, in fact, appear overactive and more 
emotionally responsive than usual. He now 


smiled broadly, although this was a somewhat 
sheepish, inappropriate grin. Except for the 
cortex showing a decrease in alpha with an 


tions. One hundred micrograms of 1-LSD was 
ineffective clinically, and resulted in no cor- 
tical or subcortical electrographic changes. 
However, following 500 mg. of mescaline 
intravenously, there was an immediate somatic 
reaction of blurring of vision, pain in the 
shoulder and chest, followed one-half hour 
later by nausea. He also felt that things 
were ‘‘soft’’, by which he meant dreamy or 
unreal. With eyeball pressure, the response 
was as follows: one-helf hour, he saw only 
white lights; one hour, these became red and 
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blue; at one and one-half hours, he suggested 
that the yellow colors were flowers and the 
red were Coke machines; at two hours he 
saw bones, an airplane, a sword, and apples. 
On this occasion, the high amplitude delta 
activity appeared only rarely in the septal 
region. On the other hand, low amplitude 
diphasic spikes, sometimes followed by low 
amplitude slow waves, were noted in the hip- 
pocampal region (fig. 5). 

A-21. This 28-year-old patient required 
hospitalization because of episodic rage reac- 
tions, during which time she would destroy 


R.A. Hippo.-R.P. Hippo. (Caudal) 
WAM 


occipital headaches. During the intervals be- 
tween attacks there was demanding, possessive, 
irritable, and pathologically jealous behavior. 
At times she was so disorganized that she was 
unable to care properly for her children or 
her husband. She had numerous hypochon- 
driacal preoccupations which necessitated fre- 
quent trips to the doctor and hospitalization 
with several laparotomies. On routine scalp 
electroencephalograms prior to electrode im- 
plantation, bi-frontal theta activity was noted 
but no other abnormality. Baseline deep re- 
eordings following electrode implantation 


NEN 


L.A. Sept-L.P Sept. 
R. Amyg.- R. Sept. fr 
R. Sept.-L.A.Sept 
alias Baseline 2/9/55 Post d-LSD-25 Post Mescaline 
Fig. 5 


Slow wave in septum after d-LSD-25 not accompanied by hallucinations. 
Spiking after mescaline from hippocampus is accompanied by hallucinations. 


furniture, attack her husband or children 
with homicidal intent, and at times mutilate 
or try to kill herself. During these episodes, 
she was hallucinating, particularly seeing her 
children and family, as well as hearing them 
admonish her for her bad behavior. These 


episodes were often, but not invariably, ac- 
companied by amnesia, and would last from 
a few hours to a few weeks, being severe 
enough to require recurrent hospitalizations 
where she had in the past been treated with 
EST. These episodic behavioral disturbances 
were preceded by mounting irritability and 


showed septal theta activity and an occasional 
diphasie single spike in the left hippocampal 
region which was never apparent on the 
temporal cortex except for one instance when 
the patient had received Metrazol (21). 
Figure 6 illustrates the paroxysmal high 
amplitude bursts of activity in the alpha- 
theta range appearing in the right hippo- 
campus. The bipolar recording of right 
anterior hippocampus to right posterior hip- 
pocampus showed paroxysms of 6 and 14 
per sec. monophasic spikes. Sometimes this 
paroxysmal activity was seen in the thalamus, 
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with amplitudes of approximately 5 ,V., as 
compared to the 200 pV. recorded from the 
right posterior hippocampus. Not shown in 
figure 6, but noticed in the record, was a 
considerable increase in the sharp diphasic 
spikes seen during the baseline in the left 


LF-LAT 
RF-RAT Cortex 
Cortex 
LF-LT Scalp 
RF-RT Scalp weal 
LF Cortex-RA Thal. 
| 


LAHippo.-LP Hippo. 


RA Hippo.- RP Hippo. 


L Amyg-R ’ 


RAmyg.-R P Hippo. 
WV 


LA Sept.-LP Sept. 
RP Sept.-RASep 


Baseline Post d-LSD-25 
A-2! 


in the septal leads in either instance. In this 
particular patient, then, although paroxysmal 
activity was induced by both mescaline and 
d-LSD-25, the latter induced a much more 
dramatic effect in the electrograms. This 
correlated well with the behavioral response. 


DAL V 


| 


Fig. 6 


Paroxysmal activity after d-LSD-25 


hippocampal leads. With mescaline similar 
activity was induced in the right posterior 
hippocampus, but the amplitude was con- 
siderably less and the paroxysmal bursts oc- 
curred rarely as compared with the d-LSD 
response. Paroxysmal activity did not occur 


frequent, but rare after mescaline. 


Under d-LSD not only did the patient com- 
plain of numerous somatic symptoms, such as 
nausea, blurred vision, head and back ache, 
but also she became depressed, cried, con- 
stantly struggled to get up, and was com- 
pletely uncooperative. She showed some dif- 


a 
fie 
pee 
her 
she 
sur 
cor 
hay 
noj 
chi 
age 
as 
eve 
thi: 
cin 
| 
He 
hig 
dor 
oth 
pre 
anc 
chr 
har 
| 
er 
SOpmV |! sec. 

eco 
ade 
tall 
tio1 
har 
hos 


his 
nal 
nd 
ore 
his 


RHINENCEPHALON AND BEHAVIOR 633 


ficulty in remembering the doctor’s name, ap- 
peared to be in a trance-like state, although 
her attention was easily obtained, and then 
she was oriented and in good contact with her 
surroundings. She overtly expressed rage, 
complained of feeling as if she was going to 
have a convulsion, mentioned numerous para- 
noid referential ideas, and hallucinated her 
children standing at the foot of the bed. On 
the other hand, after mescaline, although she 
again had numerous somatic complaints, such 
as feeling cold, shivering, difficulty in breath- 
ing (purely subjective), and reported sen- 
sations that her legs were drawing up (also 
subjective), there was no marked agitation 
even though she appeared frightened and at 
times angry. She had a sensation that ‘‘every- 
thing was pushing in on me’’, occasionally 
eried, but this time had no overt visual hallu- 
cinations. 


Figure 6 also includes electrograms of her 
response to alpha chloralose and scopolamine. 
Here the paroxysmal activity is dramatic, with 
high amplitude delta and theta occurring pre- 
dominantly on the right but involving bila- 
terally both the deep and the cortical leads. At 
other times, sharp spiking activity was the 
prominent feature appearing in both the right 
and left hippocampal areas, sometimes syn- 
chronously, but often independently. The be- 
havioral response to chloralose was even more 
dramatic than that with either d-LSD-25 or 
mescaline. She became agitated, rageful, be- 
gan tearing up her clothes, and again hallu- 
cinated her children and her husband. The 
hallucinated children appeared frightened and 
cringing, while her husband was admonishing 
her for her rageful behavior. Under chlora- 
lose this patient did not show the extensive 
cortical slowing that some of the other patients 
did (see fig. 8 and discussion below). 

A-22. This was a 48-year-old colored man 
of low intelligence with only 2 years’ eduea- 
tion and an extremely impoverished socio- 
economic background. Because of this, an 
adequate medical history was difficult to ob- 
tain. Apparently, 6 months before hospitaliza- 
tion a marked tremor was noted in the right 
hand for the first time. On admission to the 
hospital, the tremor included not only the 


right hand but the whole right upper extrem- 
ity with a slight tremor in both legs, all disap- 
pearing with activity and sleep. Cog-wheel 
rigidity was noted in the right wrist. A mask- 
like facies and slow voluntary movements were 
present. Other physical, neurologic, and lab- 
oratory studies were within normal limits. 
There was no history of trauma, vascular ac- 
cident, or infectious disease prior to the onset 
of the tremor, although 5 to 6 years previously 
there was a personality change and the patient 
was no longer able to hold a steady job, was 
frequently preoccupied, and complained of dif- 
ficulty in hearing. Routine scalp EEG’s prior 
to electrode implantation showed S2 activity 
in both frontal leads. There was a slight am- 
plitude asymmetry in the parietals. 


When given both d-LSD-25 and mescaline 
(on separate occasions), the patient became 
at first more alert and responsive, then con- 
fused, agitated, and uncooperative, with a 
wild frightened look. Whereas before he had 
been ingratiating, he now would express 
hostility towards the doctors and technicians. 
He sat up frequently and talked to himself 
as if thinking out loud, but did not appear to 
be hallucinating. He admitted to feeling 
frightened and asked for medicine to relieve 
his fear. The same behavioral and electro- 
graphic response was elicited on all four 
studies with d-LSD-25 and two studies with 
mesealine. One saw first (and most dramat- 
ically in the cortical leads) a decrease in the 
baseline rhythmic activity which in this pa- 
tient included alpha and theta frequencies, 
with a subsequent appearance of low ampli- 
tude beta. Somewhat later, paroxysmal waves 
of a frequency of 10 per sec., occurring in 
bursts of 3 to 6 waves, appeared in the septal 
leads. Sometimes these would oceur singly, 
appearing like slow spikes. Occasionally a 
slow spike would appear in the caudate syn- 
echronously with this activity. No paroxysmal 
activity occurred in the thalamus, substantia 
nigra, or pallidum. This patient did not have 
electrodes in the hippocampal-amygdaloid re- 
gion. 

The optical isomer of d-LSD-25 (1-LSD- 
25) is reported to have no clinical effect. 
Despite the fact that this patient received 
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1,000 pg. by mouth, which is 10 times the ef- 
fective dose of d-LSD-25, no electrographic or 
behavioral changes were noted. 

A number of blocking agents were tried 
with this patient while he was under the in- 
fluence of both d-LSD and mescaline. Fren- 
quel, 100 mg. intravenously, did not alter 
the behavior nor were there any significant 
changes in the electrograms (see fig. 7). One 
hundred mg. of chlorpromazine injected intra- 
muscularly at the height of the drug effect 
of d-LSD-25 did not alter the behavior or the 
electrograms in the next hour and a half. 


A B 


theta activity continued throughout the re- 
eording (fig. 7), although there were rare 
periods when this would disappear and the 
fast beta activity on the cortex and occasional 
paroxysmal activity in the septal area was 
seen. On another occasion, at the height of 
the d-LSD-25 reaction, the patient was given 
10 mg. reserpine intravenously. The electro- 
grams were followed for the next hour anda 
half without significant change. There was 
no significant change in behavioral response 
during the next 24 hours as compared to the 
d-LSD-25 response without reserpine. 


C D 


Post a Chlorolose 


F-LT Cortex. LF_Cort LF-LT (Scalp Parietal Cortex 
RF-RT Cortex LT Scal RF-RT (Scalp) wey 

\ \ 
RA Hippo LT x RPAT-RFF ( 
LP Hippo. fen) A 
Nv Ww 
pt. ypo.- ppo. 
RA Sept.- 
RP Sept.-LP Sept. RP ak R Sept. 
LP Sept-LP Hippo: | LP Hypo.- RP Thal. 
P Hippo.-RP Sept. RASeph- igra 
A-I2 2/2/84 A- 3/54 SVU UU 12/23/55 
6/3/55 
| sec. 50uV sec. SOpV sec. 
Fig. 8 
Response of different patients to chloralose: A — sleepy and relaxed, 
B — organic confusion, C — hallucinating, D — focal slowing in patient 


with CNS damage (see text for discussion). 


However, early in the afternoon he became 
quiet and no longer required restraints, which 
had been necessary during the previous exper- 
iment with d-LSD alone, until late in the 
evening. Because of this delayed effect, he was 
next placed on chlorpromazine 50 mg., 4 times 
a day for a period of one week and then test- 
ed on d-LSD-25 and mescaline on separate 
occasions. Although he would appear some- 
what restless, the reaction was much less 
severe than previously encountered. He always 
remained cooperative. There was a definite 
difference in the electrograms. The rhythmic 


Comparisons between patients 

All electrograms, with one possible excep- 
tion, revealed some response to both d-LSD-25 
and mescaline. The generalized response oc- 
curred predominantly in the cortical leads; 
that is, there would be a disappearance of the 
alpha activity characteristic of the resting re- 
cord and an increase in the fast activity in the 
beta range. If there was rhythmic theta activ- 
ity or underlying delta, this would also de- 
crease in the cortical leads to be replaced by 
the fast beta. Subcortical activity, particular- 
ly from the caudate, amygdaloid-hippocampal, 
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and septal areas, would often show similar 
change, that is, a decrease in amplitude and 
increase in the fast activity. This is similar to 
the response found by Schwarz (43), that the 
amplitude of subcortical activity is diminished 
under the influence of d-LSD and mescaline. 
Three records were analyzed by an Offner 
frequeney analyzer. This showed that even 
when fast activity appeared in the subcortical 
areas, there was a shift in the background 
activity to the slower frequency bands. A 
record that might show 5, 6, and 7 per sec. 
activity before d-LSD-25 or mescaline, would 
now show more 1, 114, and 2 per see. activity. 


L.A.Pallidum-R.P Caudate 


R.P. Caudate-R. A. Nigra 


R.A.Nigra-R. Sept. 
wll 
R.Sept.-R.P. Thal. 


Baseline 
A-22 


from background activity, not only because 
of the wave form, but also because this actiy- 
ity appeared in bursts of one to 10 or more 
seconds duration. It consisted of the follow- 
ing wave forms and frequencies: 6 to 10 per 
sec. rhythms lasting for 3 sec., short bursts 
of high amplitude delta, slow spikes or sharp 
waves, high amplitude sharp waves followed 
by a slow component, low amplitude diphasic 
spikes alone or followed by low amplitude slow 
component, and monophasic spikes. The wave 
forms described here were similar to those 
reported by Hodes et al. (18, 24) for schizo- 
phrenic patients. All of the schizophrenic 


ii 


| 
SOpV LI sec. 


Chlorpromazine 


Fig. 7 


Decreased cortical alpha and paroxysmal septal activity after d-LSD-25. 
No change with Frenquel. Return to baseline with chlorpromazine. 


This was particularly true of the septal and 
hippocampal-amygdaloid recordings. 

The most significant response to d-LSD 
and mescaline was the appearance of sub- 
cortical paroxysmal activity. This occurred in 
every patient except A-11, and even in this 
patient there was suggestive evidence of rare 
paroxysmal activity. Such activity was most 
often limited to the septal, anterior hypo- 
thalamic, or amygdaloid-hippocampal regions. 
Table II shows that the paroxysmal activity 
often did not oceur with both drugs. This 
paroxysmal activity was easily distinguished 


patients (patient A-22 the exception) had 
similar wave forms in their waking and/or 
sleeping baseline recordings. However, the 
difference in the recordings when the drug 
was effective was striking because of the 
paroxysmal bursts of such activity, the un- 
questionable increase in amplitude of the 
waves, as well as an increase in the amount 
of these waves. 

Despite the fact that three of the pa- 
tients, A-11, A-12, and A-22, were chronically 
ill people who were either unable or unwil- 
ling to be subjective reporters, all 6 patients 
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definitely showed behavioral changes indicat- 
ing that the drugs were clinically effective. 
However, there was a wide range in behavior, 
from mere anxiety to hallucinating psychoses. 
In those patients who simply showed a 
decrease in the rhythmic alpha or theta activ- 
ity of the cortex and an increase in the beta, 
the behavioral responses were not marked and 
seemed indicative of increased tension. Such 
instances would be patients A-11, A-12, and 
A-19, under d-LSD-25. However, the latter 
two did show more dramatic behavioral 
changes under mescaline with accompanying 
paroxysmal subcortical electrographic activ- 
ity. 

The converse was true of patient A-21. 
Although mescaline did induce rare paroxys- 
mal activity, there was a marked contrast 
between the frequency of these paroxysmal 
bursts as compared with the response under 
d-LSD-25 where the paroxysms occurred at 
10 sec. intervals. Again there were corres- 
ponding differences in behavior. With the 
d-LSD-25 the patient was considerably dis- 
turbed and hallucinated; while under mes- 
ealine, although restless, the response was 
much less dramatic. Patient A-22 showed 
paroxysmal activity with both drugs, and be- 
came equally disturbed on both occasions. 

As the more dramatic behavioral changes 
were also accompanied by somatic symptoms, 
particularly aches and pains, blurring of 
vision, dizziness, shivering, nausea and vomit- 
ing, one might say that the paroxysmal activ- 
ity was correlated with the somatic symptoms. 
This seemed to be true in most instances but 
would not necessarily preclude the conclusions 
of the preceding paragraph. In one patient, 
A-21, the somatic symptoms were equally 
marked under both mescaline and d-LSD, yet 
under mescaline, there was minimal paroxys- 
mal activity in the depth electrogram; so that 
correlation between somatic symptoms and 
paroxysmal electrograms appears less likely. 

We next checked our results by using 
blocking agents to alter the behavioral re- 
sponse, while noting any corresponding 


changes in the electrogram. The only block- 
ing agent extensively studied was Frenquel 


(alpha-piperdyle-diphenyl earbinol hydro- 
chloride) which was tried in 6 instances on 5 
patients under the influence of d-LSD-25 and 
in one instance on a patient under the in- 
fluence of mescaline (table 1). Unlike the 
electrographic effects obtained in rabbits by 
Rinaldi et al. (40), we found only questionable 
electrographic change in our human subjects. 
This corresponded with the questionable 
behavioral changes. In most instances, there 
was no lessening of the d-LSD or mescaline 
reaction whether Frenquel was given as 100 
mg. intravenously during the experiment, or 
in 20 to 80 mg. doses t.i.d. for several weeks 
prior to the experiment. In one instance, 
there was a dramatic clinical response to 
Frenquel (patient A-16). In view of the lack 
of response in the other patients, we interpret 
this change as resulting from suggestion, inas- 
much as the patient previously had had fre- 
quent intravenous injections of amytal to 
alleviate her agitation. Figure 4 shows the 
disappearance of the high amplitude delta 
activity in the septum after Frenquel. As 
there was overbreathing during the height of 
the LSD response, it is questionable whether 
the disappearance of the high amplitude delta 
might not be due to the lack of hyperventila- 
tion rather than to any direct effect of Fren- 
quel itself. However, one other patient, A-19, 
without showing behavioral changes, did show 
less septal slow activity after Frenquel. The 
only consistent blocking effect was noted with 
chlorpromazine, although our studies with this 
drug were limited to 3 experiments on one 
patient, A-22. Two studies were done after 
the patient had been receiving chlorpromazine 
50 mg. 4 times a day, for a period of at least 
a week before administration of d-LSD or 
mescaline. In contrast to the previous studies 
without chlorpromazine, the patient showed 
only slight restlessness and occasional lack 
of cooperation because of his confusion. The 
electroencephalographic response paralleled 
this difference in behavior. Figure 7 illustrates 
the blocking effect of chlorpromazine and 
contrasts it to the lack of blocking effect, as 
far as electrograms are concerned, with Fren- 
quel. The EEG response induced by d-LSD 
and mescaline alone, which has been described 
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above, occurred only rarely when the patient 
had been on chlorpromazine. 

Ten mg. of reserpine given intravenously 
on one occasion to patient A-22, with the re- 
cord followed for the next hour and a half 
and the behavior for the next 24 hours, showed 
no effect either on the electrograms or im 
behavior. 

As a further check on whether the paroxys- 
mal activity in the hippoecampal-septal region 
was correlated with psychotic behavior, the 
findings with d-LSD and mescaline were com- 
pared with alpha chloralose studies done on 
5 of the 6 patients. These studies have al- 
ready been reported in a previous communieca- 
tion (34). In summary, it has been found that 
500 mg. of alpha chloralose and 4% mg. scopo- 
lamine, although used clinically as a sedative, 
elicits paroxysmal hypersynchronous activity 
in patients with a history of epilepsy or central 
nervous system damage. Also, it was found 
that in many psychiatric patients, partic- 
ularly those who showed behavioral disturb- 
ances in the past, paroxysmal hypersyn- 
chronous activity could be induced, and when 
this occurred there were oftentimes dramatic 
changes in behavior simulating the sponta- 
neous behavioral disturbances that led to the 
patient’s hospitalization. Consequently, it 
was felt that if alpha chloralose would induce 
the paroxysmal changes in the hippocampal 
and septal region as LSD and mescaline had, 
and if these were accompanied by similar 
changes in behavior, it would further support 
for our thesis that paroxysmal activity in the 
hippocampal-amygdaloid and septal regions 
is correlated with psychotic behavior. We 
found that if, as in patients A-12 and A-19 
(table II and fig. 8), the paroxysmal activity 
was minimal but the generalized slowing pre- 
dominant, one was most likely to see relaxed, 
sleepy behavior. However, if generalized 
paroxysmal high amplitude delta activity was 
present, such as that shown by patient A-16, 
the response was more likely an organic con- 
fusional state with disorientation, memory 
loss, perseveration, amnesia, accompanying 
any manifest disturbance in behavior. On the 
other hand, if, as the case of patient A-21, 
high amplitude paroxysmal activity occurred 
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in the septal-hippocampal region with only 
slight paroxysmal activity reflected in the 
cortex and little generalized slowing, the re- 
sponse was similar to, if not even more drama- 
tic than, d-LSD and mescaline. With chlora- 
lose and scopolamine this patient showed Sdme 
slight confusion and slowness in performing 
simple intellectual tasks, but she never became 
disoriented. She did become extremely ag- 
itated, hallucinated her children, talked with 
the hallucinations, and struggled to get away 
from them. The same patient in a repeat 
chloralose study at a later date showed less 
deep paroxysmal activity with more general- 
ized slowing in the cortex. At that time she 
did not hallucinate, was not nearly as agitated, 
but did become more confused. It would seem, 
then, that if paroxysmal activity is induced in 
the septal, hippocampal-amyedaloid region 
without dramatically affecting the cortex or 
being accompanied by generalized cortical 
slowing, the behavioral changes are more 
marked, while the clouding of sensorium and 
disorientation is minimal. 


DISCUSSION 


The important question to ask at this point 
is whether these findings shed further light 
on the brain mechanisms in psychotic behavior. 
Heath (16) points out that the septal region 
is part of the olfactory system which anatom- 
ically would appear to be a correlating struc- 
ture interposed between the higher neocortical 
levels and the diencephalic and mid-brain 
structures. The known connection between 
the septal region and hippocampus was origin- 
ally responsible for our interest in subcortical 
recording from the region of the hippocampus 
and amygdala. Ablation and_ stimulation 
studies on animals imply that these areas are 
important for such diffuse funetions as 
olfactory-gustatory, metabolic, autonomie, and 
socio-emotional (38). However, similar studies 
in humans are infrequent. Heath et al. (20) 
report that in stimulation of the amygdaloid 
nucleus a rage or fear response is induced 
without impairment of awareness and that 
this strong emotional response is conscious as 
well as integrated into the thinking of the 
patient. Chapman ef al., stimulating the 
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amygdaloid nucleus in four patients, produced 
feelings of fear, with only momentary con- 
fusions and unresponsiveness, although ability 
to perform skilled acts seemed to be impaired 
(6). Others (13) have emphasized the auto- 
matism, confusion, and unresponsiveness, 
with amygdaloid stimulation. Freeman (14) 
reports that the removal of the amygdaloid 
nucleus in a psychotic patient with intractable 
hallucinations led to the cessation of the hal- 
lucinations following the procedure. In view 
of the established anatomical and physiological 
connections between the temporal lobe and the 
rhinencephalon (48), studies on temporal lobe 
epilepsy are pertinent for the problem at 
hand. It has been noted how frequently auto- 
matisms of temporal epilepsy are accompanied 
by emotional auras, particularly intense fear, 
as well as the fact that in at least some in- 
stances the ictal behavior is not associated 
with obvious alterations in consciousness (29). 
Gastaut (15) in his classification of psycho- 
motor epilepsy points out that ‘‘ hippocampal 
psychomotor epilepsy’’ is characterized by 
obvious interictal clinical manifestations 
which are marked by character and behavior 
disturbanees. Studies from our own _lab- 
oratories (11,12) point out the frequency of 


episodic psychotic behavior in a group of pa- 


tients with temporal spikes as well as persist- 
ent and severe disorganizations of the person- 
ality which would suggest a diagnosis of 
‘functional psychosis’’ in over 80 per cent of 
the patients studied. The difficulties in dif- 
ferentiating ictal from non-ictal behavior sug- 
gest a continuity in the clinical picture prob- 
ably also reflected by a continuity of the 
physiologic process. Our present studies on 
LSD and mescaline suggest that paroxysmal 
electrophysiologiec abnormalities can _ exist 
within the rhinencephalon without reflection 
on the corticograms, hence may be a e¢on- 
ecomitant of psychotic behavior in many pa- 
tients now diagnosed as suffering from the 
so-called ‘‘functional’’ disorders because they 
lack characteristic seizural abnormalities as 
recorded by scalp electroencephalogram. In 
facet, reasoning within the psychoanalytic 
framework, Menninger (30) suggests that 
nosologically there is a ‘‘third order of path- 
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ology’’ standing somewhere between neurosis 
(second order) and the psychoses (fourth 
order), which he calls ‘‘episodic dyscontrol’’. 
These orders represent hierarchically succes- 
sive groups of control devices that the total 
organism uses in its adaptation to stress. In 
this third order there is an episodic ‘‘ego 
failure’’, variously diagnosed as psychopathie 
behavior, convulsions, catathymie crises, some 
schizophrenic reactions, manic attacks, hys- 
terical dissociation, etc. Thus he implies a 
close relationship between epilepsy, whether 
grand mal or psychomotor, and some of the 
now variously diagnosed functional disorders 
with episodic manifestations such as_ those 
mentioned above. It seems to us there is ae- 
cumulating more and more evidence that 
paroxysmal activity within the rhinencephalon 
could very well lead to severely disordered 
behavior with the adaptive failure so great 
that such patients are generally considered 
psychotic. The fact that such behavior show- 
ed dynamic content similar to that of dreams 
(11) and was often more amenable to psycho- 
therapy than pharmacologic treatment has 
tended to separate this group of disorders 
from the classic temporal automatism as well 
as the more complex psychomotor seizures. 

The next question one would ask might 
be as follows: is there evidence from neuro- 
physiologic studies that d-LSD-25 or mescaline 
does affect the rhinencephalic structures ? 
Although animal studies suggest several sub- 
cortical sites of action, a recent study by 
Killam et al. (26) showed that after 50 to 
100 pe. of d-LSD-25 there was little effect on 
the diffuse thalamo-cortical or the reticular 
activating system. However, he does report 
a progressive increase in the duration of rhin- 
encephalic seizures produced by stimulation 
of the pre-commissural fornix after d-LSD-25. 
This seems to add some weight to the present 
thesis that at least in the case of d-LSD-25 
paroxysmal activity could be induced in rhin- 
encephalic structures. 

Inasmuch as our findings, as well as those 
of others (43), indicate that chlorpromazine 
is particularly effective in blocking the d-LSD 
effect, we might ask the question: is there 
evidence that chlorpromazine acts on the rhin- 


nly 
the 
re- 
na- 
ra- 
me 
Ng 
me 
a 
J 
eSS 
al- 
she 
m, 
. 
nN 
on 
or 
ral 
re 
nd 
nt 
ht 
On 
‘al 
in 
n- 
al 
us 
yn 
; 
re 
as 
id 
es 
id 
4 
AS 


640 


encephalic system ? It was found also by Kil- 
lam (25) that in cats the thalamic recovery 
time, though markedly depressed by barbitu- 
rates, was unaltered by chlorpromazine. How- 
ever, with chlorpromazine the arousal patterns 
within the limbie system were markedly de- 
pressed. Thus, the effect of chlorpromazine in 
blocking the action of d-LSD-25 might be due 
to this depression of the rhinencephalon, which 
apparently is, at least electrophysiogically 
speaking, activated by the action of d-LSD-25. 


The above discussion could be criticized 
on the basis that complex behavioral mani- 
festations should not be ascribed to localized 
anatomical areas without taking into con- 
sideration the inter-relationships between the 
anatomically diffuse physiologic systems, 
such as centrencephalic, specific afferent, etc., 
as well as the rhinencephalic. However, thus 
far the data from our laboratories reported 
elsewhere (11, 12, 17, 19, 20, 28, 34, 35) demon- 
strate that dramatic behavioral changes are 
usually correlated with electrographic changes 


in the septal and hippocampal-amygdaloid 


area rather than the other subcortical areas 
studied. In a careful study of behavior we 
must consider the introspective aspects which 
limit our study to humans. At the same time 
human studies must be therapeutically orient- 
ed, henee variables are often difficult to con- 
trol experimentally. Many of the more precise 
neurophysiologie techniques are still inappli- 
cable to human investigation. Because of this, 
generalizations regarding mind-brain relation- 
ship must be made cautiously as guides to 
further research; but is seems to us that 
paroxysmal activity, at least in the hippo- 
ecampal, amygdaloid, and septal areas, is cor- 
related with intense emotions, impulsive act- 
ing out, depersonalizations, and at times both 
perceptual and conceptual distortions which 
descriptively are considered manifestations of 
psychotic behavior. 


SUMMARY 


Six patients with chronically implanted 
intracranial electrodes were studied under the 
influence of d-LSD-25, 1-LSD-25, mescaline, 
and correlations attempted between the elec- 
trograms and behavioral observations. 
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An increase in beta activity and a disap- 
pearance of alpha characterized in both cor- 
tical and subcortical recordings seemed to be 


associated with anxiety or its derivatives. 


Paroxysmal activity induced in the hippo- 
campal, amygdaloid, and septal regions seemed 
to be associated with overt expressions of dis- 
turbed psychotic behavior. 

Spread of such paroxysmal activity until 
it became generalized in the cortex seemed to 
interfere with the full expression of the psy- 
chotie behavior. 

Chlorpromazine not only proved an ef- 
fective blocking agent as far as the behavior 
was concerned, but also abolished or minimized 
the appearance of the low amplitude fast 
activity as well as the paroxysmal subcortical 
activity. The possible sites of action of LSD- 
25, mescaline, and chlorpromazine are dis- 
cussed with reference to the problems of psy- 
chomotor epilepsy, episodic psychotic reac- 
tions, and schizophrenia. 


The authors wish to express appreciation to Wil- 
liam H. Miller and Charles J. Fontana of the EEG 
Laboratory, Department of Psychiatry and Neurology, 
Tulane University School of Medicine, for their co- 
operation in recording the electroencephalograms for 
this study. 
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THE ELECTROENCEPHALOGRAM AND MENTAL ACTIVITY 
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The chief classes of reported variations 
in the EEG during mental activity may be 
briefly summarized as follows: 


1. During such tasks as mental arithmetic: 
(a) alpha blocking; 
(b) selectively attenuated alphoid rhythm 
from temporal areas (Gastaut 1950) ; 
(c) kappa rhythm (Laugier and Liberson 
1937; Kennedy et al. 1948) ; 
(d) augmented theta rhythm (Arellano 
and Schwab 1950; Mundy-Castle 
1951; Brazier and Casby 1952) ; 
(e) augmented beta rhythm (Mundy- 
Castle 1951) ; 
(f) suppressed beta rhythm (ibid) ; 
(g) selective blocking of individual alpha 
components (Walter, in Hill and Parr 
1950; Esser and Bickford 1950). 
2. During affective changes: 
(a) augmented theta rhythm (Hoagland 
et al. 1938; Faure 1950; Walter 1950; 
Mundy-Castle 1951) ; 
(b) suppressed theta rhythm (pleasure — 
Walter 1950) ; 
(c) suppressed alpha rhythm (e.g. Linds- 
ley 1951) ; 
(d) inereased frontal beta rhythm (Cohn 
1946 ; Shpilberg 1947; Faure 1950) ; 
(e) alpha rhythm and decreas- 
ed beta rhythm (Thiesen 1941). 
During somatic changes there have been 
reports of suppressed beta and _ alphoid 
rhythms (‘‘rythmes en arceau’’) from pre- 
central regions (Gastaut ef al. 1952; Gastaut 
1952b, 1953), whilst visual perception, men- 
tal imagery and attention are associated with 
varying degrees of alpha blocking, sometimes 
together with either suppressed or augmented 
beta rhythm, and/or with augmented theta 
rhythm (Mundy-Castle 1951). 
This brief appraisal suggests great variety 
in possible changes of EEG pattern during 


mental activity, and that there may be several 
possible functions associated with the various 
classes of rhythm. The major problem is to 
sort out these changes and ultimately classify 
them in terms of (1) nature of change, (2) 
nature of stimuli causing change, (3) fre- 
quency, amplitude and location (stationary or 
shifting) of the rhythm or rhythms involved, 
(4) relationships with other electrical ac- 
tivities, (5) duration of change. One approach 
which has assisted in the study of these pro- 
blems is the use of rhythmic photic stimula- 
tion (flicker), since electrical rhythms in the 
brain can often be augmented by appropriate 
stimulation, thus facilitating their observa- 
tion (ef. Walter and Walter 1949 a and b; 
Mundy-Castle 1953 a and b). 


The main object of the present study is the 
elucidation of the nature of electrical changes 
during mental activity, together with an 
attempt at a preliminary classification. 


METHOD 


Three groups were studied as follows: 

1. Seventy-two European adults (mostly 
University students) with a mean age of 23 
years, standard deviation 7, were given EEG 
examinations for a variety of experimental 
reasons. These recordings also involved eye 
opening and eye closure in all subjects, mental 
arithmetic in 64, and visual, auditory and 
kinesthetic imagery in 59 subjects. Automatic 
frequency analysis was utilized in all record- 
ings. 

2. Sixty-six normal African adults with 
mean age of 35 years, standard deviation 12. 
Whilst the primary object of this study was 
racial comparison (see Mundy-Castle et al. 
1953), observation was made of the effects 
of eye opening and eye closure in all cases, 
and of simple arithmetical problems in 59. A 
frequency analysis was again always used. 


[ 643 ] 


rah 
be 
} 
2 
. 
S 
1 


644 A. C. MUNDY-CASTLE 


3. To assist in the assessment of the sig- 
nificance of theta rhythm in relation to af- 
fective disturbances, 304 routine clinical 
KEG’s were separated into those from sub- 
jects in whose ease history there had been 
some comment on bad temper, emotional dis- 
turbance or behaviour problem relating to 
emotional instability, and those without such 
associated comment. The former will be re- 
ferred to in subsequent tables under the col- 
lective heading of ‘‘Bad temper, ete.’’, the 
latter as ‘‘No bad temper, ete.’’. The age 
range of these groups was 3 - 60 years, and 
patients with organic disease or suspected or- 
ganic disease were excluded. The two groups, 
consisting of 137 in the first and 167 in the 
second, were then compared as regards the 
occurrence and nature of theta rhythm in 
their EEG’s. 


Technical Details. 


With the European group, arithmetical 
problems were multiplicational, e.g. ‘‘13 x 19”’ 
or ‘‘15 x 18’’ and so on. The instructions for 
mental imagery were as follows: 

1. Visual Imagery. ‘‘I want you to obtain 
a visual picture in your mind of (e.g.) so- 
and-so’s face. Tell me when it is clear, and 
try to keep it until I tell you to let it go.’’ 

2. Auditory Imagery. ‘‘I want you to 
imagine what it would sound like if (e.g.) 
rain were beating heavily against the window. 
Tell me when you can hear it. Try to keep 
this sound in your mind until I tell you to 
let it go.’’ 

3. Kinesthetic Imagery. ‘‘I want you to 
imagine what it would feel like if (e.g.) you 
were holding both your legs up in the air — 
do not move them — just try to imagine what 
it would feel like. Try to keep that feeling 
until I tell you to let it go.’’ 


In all instances, the subject was subse- 
quently interrogated as to the clarity and 
persistance of his image, and whether other 
image modes than the one in question were 
also present. 

Appropriate signal marks were made on 
the record by a switch connected with the time 
marker pen. Abbreviations of verbal instruc- 
tions and replies were written directly on the 
EEG paper at the appropriate times. To fa- 


cilitate appraisal of changes in the frequency 
spectrum during these operations, care was 
taken to ensure as far as possible that all 
instructions were completed at the end of 
an analyzer epoch, so that changes in sub- 
jective state would coincide with a new epoch. 
At least one complete epoch was allowed to 
elapse before requesting the subject to dis- 
miss his mental image. 

With the African subjects, mental arith- 
metical problems were far easier than with the 
European group, ranging from e.g. 2 + 3 to, 
eg., 24 + 19. | 


Affective Changes. 

No controlled study was made of changes 
in emotional level. Nevertheless, affective va- 
riations were not uncommon, either as an 
accompaniment to the tasks already mentioned 
or during flicker, or merely by some chance 
incident during recording, particularly if this 
involved demonstration to other persons, as 
it often did with the student group. Isolated 
experiments were also made of the effects of 
pleasurable stimulation, in the form of gentle 
caressing of the face, neck or other parts of 
the body. Occasional samples of EEG changes 
during affective changes among the clinical 
eroup were also fortuitously available, parti- 
cularly in the younger age-groups. 


Flicker. 

As already mentioned, flicker can be help- 
ful in the study of EEG changes during al- 
tered state, since specific rhythms can be 
evoked or enhanced by appropriate stimula- 
tion. The majority of subjects involved in the 
present investigations were also subjected to 
full-seale flicker testing. In many instances, 
observation was also made of the effects of 
eye opening, eye closure and mental activity 
during flicker at various frequencies. 


RESULTS 

Eye opening, Mental Arithmetic and Imagery, 

Normal European Group. 

In these categories the following EEG 
changes were observed: 

Beta Rhythm: augmentation ; suppression. 

Theta Rhythm: augmentation; suppres- 
sion (rare). 
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Alpha Rhythm: varying degrees of block- 
ing, classified on the scale 0 - 1 - 2 - 3, where 
0 = no change, 3 fully blocked. 

A slight increase in alpha frequency was 
occasionally noted during mental arithmetic, 
and usually on eye closure. 

Statistical analysis revealed that a number 
of percentages of these EEG changes accord- 
ing to the mental and visual operations were 
significantly different, as follows: 

Augmented Beta Rhythm: greater during 
visual imagery and mental arithmetic than 
during eye opening. 

Suppressed Beta Rhythm: greater during 
eye opening than during kinesthetic imagery. 


645 


eye opening; greater during kinesthetic than 
visual imagery. 

Alpha Blocked 2: greater during mental 
arithmetic than during kinesthetic imagery. 

Alpha Blocked 3: greater during eye open- 
ing than during visual, auditory and kin- 
esthetic imagery and mental arithmetic; grea- 
ter during visual imagery and mental arith- 
metic than during auditory and kinesthetic 
imagery. 

An overall appraisal of the distribution 
of these EEG changes according to mode of 
altered experience is shown in figure I, where 
the relative percentages are displayed as a bar 
diagram. 
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Fig. 1. 


Augmented Theta Rhythm: none signifi- 
cant, 

Suppressed Theta Rhythm: none signifi- 
cant. 

Alpha Blocked 0: greater during auditory 
and kinesthetic imagery than during eye open- 
ing, visual imagery and mental arithmetic; 
greater during kinesthetic than during audi- 
tory imagery. 

Alpha Blocked 1: greater during auditory 
imagery and mental arithmetic than during 


Racial Differences. 


The figures for eye opening and mental 
arithmetic were compared with the correspond- 
ing figures from the African group. There 
are only two significant differences, both dur- 
ing eye opening, where theta augmentation 
and alpha blocking 1 occurred more often 
among the Africans. The probabilities were 
at the 5 per cent and 2.5 per cent level 


respectively. 
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Theta Rhythm and Temper, Clinical Group. 


The incidence, percentage and significance 
of difference in 3 categories of theta rhythm 
(any, excessive, paroxysmal) in the two 
clinical groups were examined. There are two 
significant differences: the group in which 
some disturbances relating to emotionality had 
been noted showed (1) a significantly greater 
incidence of theta rhythm, and (2) of ‘‘ex- 
cessive’’ theta rhythm, than the control group 
(see table I). Also, subdivision of the over- 


pha rhythm and increased beta rhythm are 
often associated with hyperemotional states. 


DISCUSSION 


Alpha Rhythm. The results of the statistical 
analysis confirm the view originally expressed 
by Adrian and Matthews (1934) that the 
alpha rhythm is very much coneerned with 
visual processes. This may be observed clearly 
in figure 1, which shows that maximal block- 
ing of the alpha rhythm is far greater with eye 


TABLE I 


THETA RHYTHM AND TEMPER 
CLINICAL GROUPS 


Incidence 


Category of Group with Bad 


Group without 


Significance of 


Theta Rhythm Temper etc. Bad Temper ete. Difference 
(N = 137) (N = 167) 
N % N % CR Pp Significant 
Any 130 94.9 142 85 2.95 < .001 Yes 
Excessive 84 64.6 74 52.1 2.12 < .05 Yes 
Paroxysmal 47 36.1 65 45.8 1.62 “> 8D No 


all clinical group into age groups revealed a 
progressive decrease in the incidence of 
theta rhythm with increased age, as follows: 
3-14 years = 100 per cent, 15-29 years —= 
83 per cent, 30-59 years = 70 per cent. There 
were no significant differences between the 2 
clinical groups in the incidence of theta 
rhythm according to age but a relationship 
was found between comments on emotional 
disturbance and age, as shown in table II, 
which implies that in these groups youth is 
associated with a greater incidence of emo- 
tional instability than is older age. 


Qualitative Observations. 


The following figures demonstrate the 
types of EEG change under consideration. 
Changes associated with mental arithmetic 
and mental imagery are shown in figures 2 
to 5, while in figures 6A to 8 the use of 
flicker for the study of EEG changes is de- 
monstrated. Although changes during at- 
fective variation emphasized theta rhythm, it 
should not be forgotten that suppressed al- 


opening than with mental acttvity; and, dur-~ 


ing mental activity, far greater with visual 
imagery and mental arithmetic than with au- 
ditory or kinesthetic imagery. The converse 
is seen in the bars representing .zero blocking 
of the alpha rhythm, where kinesthetic 
imagery occupies the greatest area. In ap- 
praising this particular category (zero block- 
ing) it should be noted that subjects with 
‘“‘minus’’ (‘‘M’’) type alpha rhythms have 
not been excluded, hence the superficially sur- 
prisingly high incidence of zero-blocks with 


TABLE II 


CONTINGENCY TABLE: ASSOCIATION 
BETWEEN AGE AND REFERENCE 
TO BAD TEMPER ETC. 


Age in years: 3-14 15-29 30-59 Totals 
Bad Temper ete. 89 29 19 137 
No Bad Temper ete. 71 58 38 167 

Totals 160 87 57 304 
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eye opening; but the fact that ‘‘M’’ type 
alpha rhythms are associated with predo- 
minantly visual imagery is further support 
for the view that the alpha rhythm is closely 


conscious involvement: of visual activities, and 
most the evidence suggests that-this is 
attributable to an attention or alerting factor, 
as also originally invoked by Adrian and 


4 


Wid \! 


“OBTAIN | AUDITORY IMAGE 


Ny 


yh! 


Wa 


"LOSE 


“550” 


Fig. 2 
A. Augmented beta rhythm: 
Norvuat female, 20 yr. Analyzer derivation (AN) = right parieto-occipital: 
1S-74 ¢/see. activity increased during an auditory image (rain beating 


agtunst window). Note complex changes in qa frequency spectra and relative 
iack of a blocking. 


Auditory imagery. 


B. Augmented theta rhythm: Mental arithmetic. 


Normal female, 21 yr. AN = left fronto-parietal: marked increase in 5 
e/sec. rhythm during solution of arithmetical problem. Note also increased 
6-11 ¢/see. activity as shown by analyzer. 


associated with visual systems in the brain 
(Golla, Hutton and Walter 1943; Short 1953; 
R. Walter and Yeager 1956; Barratt 1956). 

There is no doubt, however, that the alpha 
rhythm may be fully blocked without any 


Matthews as a requisite of alpha blocking. 
But the present study also reveals that econ- 
centrated attention can occur without any 
blocking of the alpha rhythm, as indeed can a 
visual image which is assessed as of maximal 
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elarity. These facts should be accounted for 
in any adequate theory concerning the genera- 
tion or function of the alpha rhythm.’ 


Theta Rhythm. 


Mundy-Castle (1951) reported that 
rhythms within the 4-7 ¢/sec. band may show 


variation during visual and/or mental tasks, 
or during slight changes in temper. He dis- 
tinguished two classes of theta rhythms, 
those which are harmonically related to alpha 
frequencies and those which are not. The 
former have been called ‘‘slow alpha variants’’ 
by Goodwin (1947). Their rarity among nor- 
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Fig. 3 A and B 


Augmented theta rhythm: Visual imagery. 


Normal female, 26 yr. AN = right parieto-temporal: clear increase in 
6 c/sec. rhythm (generalized, strongest anteriorly) during presence of visual 


image. a blocking also clear. 


1 Incidentally, the paper of Drever (1955) has 
just come to the author’s attention. In this work, he 
tested the hypothesis that disappearance of alpha 
rhythm during mental work is associated with visual 
imagery; his results suggest that this is not neces- 
sarily true, and that the hypothesis appears to be an 
oversimplification and in need of some reformulation. 


This conclusion accords with that presented above. 


ma! adults is confirmed in the present study, 
since there were only 15 (11 per cent) in the 
combined normal groups, and most of these 
were but fleetingly apparent; only 3 (2 per 
cent) were present sufficiently often to ob- 
serve suppression during eye opening. The 
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present data suggests that 4-7 ¢/sec. rhythms 
which are not alpha variants should be further 
differentiated into at least three groups, 
which, for the purposes of the present dis- 
cussion, will be labelled as follows: 

Theta I. Theta rhythm which is sup- 
pressed by eye opening and/or mental activity 
yet which is not an alpha variant. Like the 
slow alpha variant, it is rare in normal adults. 

Theta II. Theta rhythm which is aug- 
mented during non-emotional activities (per- 
ceptual and/or imaginative) and which ap- 
pears unrelated to affective change. 
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doubt of its occurrence. It should also be noted 
that there are no significant differences in 
the incidence of suppression or augmentation 
of theta rhythm among eye opening, mental 
arithmetic and the three forms of imagery. 
The group of 4-7 ce/see. rhythms labelled 
as theta III comprises what might be called 
‘‘true’’ theta rhythms, in the sense that they 
are most probably related to functional acti- 
vity in thalamo-cortical structures. The pre- 
sent study confirms that augmented theta 
rhythm during intellectual activity may be of 
this category, whilst there were several in- 
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Fig. 4 
Augmented frontal alphoid rhythm: Mental arithmetic. 


Normal African female, 33 yr. AN = left fronto-parietal: marked augmentation of a frontal 
10 ¢/see. rhythm during mental arithmetic. This is possibly a variant of the kappa rhythm. 
Note independent changes in the 8 and 9 ¢/sec. peaks. 


Theta III. Theta rhythm which shows 
variation during emotional activities. 

On this classification, the tentative sugges- 
tion that augmented theta rhythm during ima- 
gination might be related to slight changes in 
temper would relate only to theta III. Inelu- 
sion of the second class (theta II) is necessary 
since in the present study there were several 
instances of augmented theta rhythm during 
purely intellectual (non-emotional) activity, 
and in which the subject denied explicitly any 
conscious experience of altered temper. Ra- 
ther does it seem that theta II falls into the 
same category as the kappa and other rhythms 
reported as prominent during mental activity. 
Further study of theta II must be concerned 
primarily with topography: there is little 


stances of variations in theta rhythm asso- 
ciated with rather more profound disturbances 
of emotional state. 

The consistent trend in the history of 
EEG relating theta rhythm with emotional 
lability and cortical immaturity is maintained 
by the present results concerning significant 
associations between age, reports of emotional 
instability and the incidence of theta rhythm. 
Similar indications have been given by Hill 
(1952), although not all were backed by sta- 
tistical significance. It does, however, seem 
that these three variables are interrelated, 
and that carefully controlled EEG studies may 
clarify this sphere of personality assessment. 
Such research will also establish whether the 
three groups of theta rhythm which have been 
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differentiated in the present study are in any 
way related to ofie another. In this connection 
it should be recalled:that Hill (1952) classi- 
fies the slow alpha variant as an EEG matu- 


ration defect. 


to alpha frequency, the other being augmented 
during cortical activity. As with theta 
rhythm, the two subgroups in the first class 
might be called beta I and ‘‘fast alpha va- 
riant’’ (after Goodwin 1947) depending on 
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Fig. 5 

Selective blocking of frontal alphoid rhythm: Mental arithmetic. 
Normal African male, 26 yr. (A) ‘AN = left fronto-parietal: 9 ¢/sec. 
rhythm markedly decreased during mental arithmetic. Rhythms at 
11-13 ¢/see. are also blocked. (B) AN = left parieto-occipital: the 
9 c/sec. rhythm is unaffected by mental arithmetic, whilst the 11-13 ¢/see. 
components are very much attenuated. These two samples suggest that 
the 9 ¢/sec. activity is being selectively blocked in the frontal regions 


during mental arithmetic. 


Beta Rhythm. 


Mundy-Castle (1951, 1953b) has suggested 
that, in terms of responsiveness, there are two 
broad groups of beta rhythm, one showing 
suppression during cortical activity and often, 
though not invariably, harmonically related 


their relationship with the alpha rhythm, 
whilst the second group might be called beta 
II. 


Mundy-Castle (1951) proposed that the 
former may possess a function similar to one 
of those of the alpha rhythms, namely that it 
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may be a component incorporated in sensory 
analyzing systems; and that the latter (beta 
II) represents an accelerated process resultant 
on seansion of the projection and/or associa- 
tion areas in which there is neuronal activity 
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could be made according to location, since, as 
will be discussed in a moment, both the more 
anterior and the occipital beta rhythms could 
relate to similar mechanisms yet deal with dif- 
ferent media. 
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Fig. 6 
A. Flicker responses in beta range augmented by eye opening. 


Normal African male, approx. 22 yr. 
eye opening causes marked augmentation of responses 
Such augmentation is common in the 25-35 f/see. range. 


parieto-occipital: 
at 27 c/sec. 


Flicker at 27 f/see. AN = right 


B. Flicker responses in beta range augmented during mental arithmetic. 


Normal African male, approximately 22 yr. 


Flicker at 12 f/sec. AN = 


left parieto-occipital: marked augmentation of 2nd harmonic (24 ¢/sec.) 
during mental arithmetic. Note unchanged fundamental 12 ¢/sec. response. 


consequent on the presentation of either in- 
ternally or externally derived perceptual 
patterns. Beta II would then reflect a part of 
the process of mediation of information within 
the brain. Further classification of this group 


The statistical data concerning beta rhythm 
and those presented in figure 1 support this 
bifold classification of beta rhythm according 
to suppression or augmentation during cortical 
activity. Blocking of beta rhythm occurs 


| 
ere 
. 
B 
“0 
me 
[50p« 
A} 
4 


2 


A. C. MUNDY-CASTLE 


A 382 ; 


Na 

| “MULTIPLY 19 x30” 1 

| 


B 770 


LAUGHING: “1! CANT DO IT 


t 


AN 


Fig. 7 
A. Differential changes in components of flicker response during 
mental arithmetic. 


Normal female, 21 yr. Flicker at 4 f/sec. AN = left parieto-occipital. The 
Ist and 4th (16 ¢/sec.) harmonics are augmented during mental arithmetic, 
whilst the 2nd (8 ¢c/see.) and 3rd (12 ¢/see.) are suppressed. Thus com- 
ponents with theta and beta frequencies have been augmented, those with 
alpha frequencies suppressed. 


B. Theta rhythm augmented during embarrassment. 


Normal female, 20 yr. AN = left parieto-occipital. She had been given an 
arithmetical problem, but was unable to do it, despite its relative simplicity. 
She became flustered and embarrassed and laughed nervously. During 
this period there occurred a short generalized burst of high voltage theta 
rhythm. Comparable bursts did not occur in the resting EEG. Traces of 
theta rhythm can also be detected in the 6 sec. prior to the burst whilst 
both a and £ amplitudes are increased, although the latter may be con- 


taminated by EMG activity. 
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more often during eye opening than in any 
other category. Eye opening involves pro- 
jection of sensory patterns on the visual cor- 
tex, and these must be analyzed and trans- 
formed into suitable (? temporal) patterns for 
transmission to other areas. The blocking of 
the alpha rhythm and the associative blocking 
of certain (especially posterior) beta rhythms 
suggests that these may be related to alpha 
function and as such much concerned with 
visual activities. The fact that kinesthetic 
imagery shows a significantly lower incidence 
of beta suppression than eye opening is in 
support of this argument, since according to 
the figures relating to alpha blocking, this 
task is the least visual of all in _ these 
experiments. 
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Fig. 8 
Theta rhythm augmented during emotional excitement. 


Normal female, 17 yr. Flicker at 5 f/see. There were 
several female friends (all University students) in 
the room and there was a knock at the door. Subject 
did not wish anyone else to enter, but despite her 
protestations the door was opened and a male student 
entered, causing much laughter from the watching 
female students. At this moment there was a gen- 
eralized burst of 5 ¢/sec. activity in the EEG. Sub- 
ject afterwards stated that she was ‘‘emotionally 
excited’’ at this point. 


653 


It would be interesting to know whether 
the blocking behaviour of precentral beta 
rhythms and the alphoid rythme en arceau is 
in any way related to the registration of 
changes in body posture and limb position, or 
to reference to existing posture; such a pos- 
sibility recalls the postural schema theory of 
Head (1920) and its elaboration by Bartlett 
(1932) to include all individual experience, 
and has far-reaching psychological implica- 
tions. 


Racial Differences. 


Differences in the main characteristics 
between the EEG’s of normal Europeans and 
normal Africans have been discussed in detail 
elsewhere (Mundy-Castle, McKiever and 
Prinsloo 1953). There are no gross dif- 
ferences, and those which are present appear 
to be related to environmental and cultural 
rather than genetic factors. The present re- 
sults suggest that insofar as the electrophysio- 
logical mechanisms of the brain are concerned, 
there is also little difference between these 
racial groups. There are no significant dif- 
ferences in the EEG changes during mental 
arithmetic, whilst only two are significant 
during eye opening, and neither of these is at 
the 1 per cent level: one (theta augmentation) 


is just significant at the 5 per cent level, whilst 


the other (alpha blocking 1) is at the 2.5 per 
cent level, neither a very convincing criterion 


in this type of investigation, and certainly in- 


sufficient to suggest any great distinction be- 
tween these two groups in this respect. 


SUMMARY AND CONCLUSION 


1. An analysis is made of changes in 
the EEGs of African and European normal 
adults during eye opening and mental arith- 
metic, and for Europeans only during visual, 
auditory and kinesthetic imagery. These 
studies were made both with and without 
simultaneous photic stimulation. Data are 
also presented concerning theta rhythm, emo- 
tion and emotional instability, derived from 
the EEGs of 304 clinical cases differentiated 
according to whether or not emotional dis- 
turbance was a feature of their case histories. 


2. The results concerning alpha rhythm 
support the view that it is related both to 
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visual processes and to an attention or alert- 
ing factor. It is important, however, that 
attention, such as concentration during mental 


arithmetic or mental imagery, can occur with- 


out alpha blocking, as also can visual imagery 
reported as of maximal clarity. There is thus 
no one-to-one relationship between alpha block- 
ing and either visualization or attention. 


3. Rhythms at alpha frequency from 
frontal and temporal areas are distinguished 
from alpha rhythms as ‘‘alphoid’’. They may 
behave independently of the alpha rhythms 
during mental activity, showing either no 
change, or being augmented or suppressed. 

4. A fourfold classification of 4-7 ¢/see. 
rhythms is suggested as follows: 

(i) slow alpha variants (rare in nor- 
mals) ; 

(ii) ‘‘theta I’’: not harmonically related 
to the alpha rhythm, yet suppressed 
by eye opening and/or mental ac- 
tivity ; 

(iii) ‘‘theta II’’: augmented during per- 
ceptual and imaginative activities 
and apparently unrelated to affec- 
tive changes. Possibly similar to 
kappa and related rhythms; 

(iv) ‘‘theta III’’: varies during emotional 
activities. Results from the analysis 
of theta rhythm in the clinical group 
maintain the consistent historical 
trend associating theta rhythm with 
emotional and cortical immaturity. 

5. A bifold classification of beta rhythm 
is suggested as follows: 

(i) ‘‘beta I’’: including fast alpha va- 
riants, and comprising fast rhythms 
which are suppressed during cortical 
activity ; 

(ii) ‘‘beta II’’: fast rhythms augmented 

during cortical activity. 
It is tentatively proposed that the 
first relate to the analysis and re- 
gistration of data projected on the 
cortex, the second to the mediation 
of information within the brain. 


6. The study confirms that photic stim- 
ulation can assist in the analysis of changes 
in the EEG during perceptual or mental 
activity, by selectively augmenting specific 


rhythms so that their behaviour can more 
readily be observed. 

7. No important differences were found 
between normal Africans and normal Euro- 


-peans in respect of EEG changes during 


eye opening or mental arithmetic. 
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Mental Disease will be held on December 13 and 14, 1957 at the Hotel Roosevelt, 
New York City. The subject of the meeting will be ‘‘The Effect of Pharmacologic 
Agents on the Nervous System’’. 


THE AMERICAN PSYCHOSOMATIC SOCIETY 


FIFTEENTH ANNUAL MEETING 


The American Psychosomatic Society will hold its Fifteenth Annual 
Meeting at the Netherland Hilton in Cincinnati, on Saturday and Sunday, 
March 29 and 30, 1958. 


The program Committee would like to receive titles and abstracts of 
papers for consideration for the program, no later than November 15, 1957. The 
time allotted for presentation of each paper will be twenty minutes. 


Abstracts of the papers in octuplicate, should be submitted for the 
program committee’s consideration, to the Chairman, at 551 Madison Avenue, 
New York 22, New York. ‘ 
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EEG FREQUENCY-PATTERN VARIATION AND INTELLIGENCE 
A CORRELATIONAL STUDY 


Rosert J. Ettincson, Ph.D., RoBert C. Witcott, Ph.D., JoHn G. SINEPs 
and FRANK J. Dupek, Ph.D. 
Nebraska Psychiatric Institute 


University of Nebraska College of Medicine, Omaha, and 
Department of Psychology, University of Nebraska, Lincoln 


(Received for publication: February 11, 1957) 


Attempts to demonstrate a relationship 
between brain wave activity and intelligence 
have generally yielded negative results (Linds- 
ley 1944; Ellingson 1956). In his book, The 
Inving Brain, Walter (1953) reports observa- 
tions which suggest a possible positive rela- 
tionship between EEG frequency-pattern va- 
riation and intelligence. In data from his 
automatic frequency analyser, Walter observ- 
ed a greater variation of the frequency ‘‘spec- 
trum’’ among his ‘‘more brilliant colleagues’’ 
than among his ‘‘duller patients’’. Patterns 
derived from 10-sec. epochs varied more from 
the average spectrum for 60 sec. among the 
former than among the latter. He suggested 
the term versatility to describe the tendency 
toward greater pattern variability. This may 
be related to Walter’s concept of brain 
rhythms as scanning mechanisms, brains with 
more numerous and variable scanning rhythms 
being more versatile. 

The present paper reports an attempt to 
determine if a correlation might exist between 
an objective measure of intelligence and EEG 
frequency-pattern variation, using a different 
method of measuring the latter from that used 
by Walter. The hypothesis to be tested is that 
there is a positive relationship between intel- 
ligence and EEG frequency-pattern variation. 
To support this hypothesis the data must show 
a significant tendency for high variation of 
frequency pattern to be associated with high 
intelligence and low variation (or regularity ) 
of pattern to be associated with lower intel- 
ligence. 


MATERIALS AND METHOD 
The subjects were 26 ‘‘normal’’ psychiatric 


aides, 15 males and 11 females, and one high- 
erade mentally deficient young man, hospital- 


ized for observation, who was considered 
neither mentally ill nor brain damaged. The 
age range was 19 to 40 years, mean 26.4, stand- 
ard deviation 5.8. Thirteen of the aides were 
full-time, permanent employees whose educa- 
tion ranged from grammar school to two years 
of college. Thirteen were part-time or summer 
employees enrolled as undergraduate, grad- 
uate, or medical students in this and neigh- 
boring universities. All subjects had normal 
EEGs. 


The subjects were given a short form of 
the Wechsler-Bellevue Intelligence Seale, 
Form I, consisting of the Comprehension, 
Arithmetic, Block Design, and Digit Symbol] 
subtests. The weighted subtest scores were 
extrapolated to yield an estimate of the full- 
scale IQ. This quartet of subtests has been 
shown by McNemar (1950) to correlate highly 
with full-scale IQ (r = .932), and to be the 
most valid of the possible 4-subtest combina- 
tions. 


The subjects’ EEGs were recorded with 
an Offner Model D-4 electroencephalograph. 
Concurrent frequency analysis was performed 
by means of an Offner Frequency Analyser 
(fig. 1). The alignment of the analyser was 
checked before running each subject. Ten 
artifact-free 10-sec. epochs were recorded from 
each of the following electrode pairs, left oc- 
cipital-left ear (LO-E), left precentral-left 
ear (LpC-E), left occipital-left parietal (LO- 
P), left occipital-left precentral (LO-pC), and 
finally LO-E again, to provide data for a test 
of the reliability of the obtained estimates 
of frequency-pattern variation.t The subject 


1The repeat procedure was unintentionally omit- 
ted in 3 eases so the number of cases for the reliabil- 
ity data is 24. 
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was given no instructions save to lie still with 
eyes closed. The procedure was interrupted 
between runs to insure against the subject be- 
coming drowsy. If a subject did become drow- 
sy, the procedure was repeated and the 
‘‘drowsy epochs’’ discarded. 

In order to obtain a single summary 
measure of epoch to epoch agreement among 
frequenecy-patterns the coefficient of con- 
eordance or Kendall’s W (Kendall 1948) was 
computed. The procedure is as follows. The 
heights of the 14 ‘‘spikes’’ of the analyser 
write-out for frequencies 6 to 22, inclusive, 
were ranked, the tallest spike being given the 
rank of 1 and the shortest 14.1 The ranking 


higher the W the greater the interepoch sim- 
ilarity of frequency pattern, the lower the W 
the less the similarity (the greater the varia- 
tion). 

The 27 subjects were then ranked with 
respect to each of the 6 derived measures: 
estimated IQ, W(1LO-E,), W(LO-E2), W (Lpc- 
E), W(uLo-P), and W(uLo-pc). The reliability 
of the obtained estimates of frequency-pattern 
variation (Ws) was tested by calculating the 
rank correlation (Spearman’s p) between 
W(LO-E,;) and W(wLo-E2). As a matter of 
methodological interest ps were caleulated for 
the W data derived from the different elec- 
trode pairs. Finally ps were calculated be- 
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Fig. 1 


EEG tracings with superimposed automatic frequency analyser write-out. 


See text for 


explanation of the electrode pairs. Two 10-sec. epochs are shown. The top channel is the 
one analysed. The frequencies used in the present study are indicated by the numbers under 
the appropriate analyser ‘‘spikes’’ in the epoch on the left. The rankings of ‘‘spike’’ 
heights in both epochs are shown by the numbers at the tips of the ‘‘spikes’’. The subject 


is a 21 year old college student, estimated IQ 118. 


procedure was repeated for each of the 10 
successive epochs of each run (LO-E,, 
LpC-E, LO-P, and LO-pC). The 10 sets of 
rankings for each run for each subject were 
tabled, and Kendall’s W was then ecaleulated 
for each table, using the correction for ties. 
The value of the resulting Ws is dependent on 
the similarity among the 10 sets of rankings 
for each electrode pair for each patient. W 
ean vary between 0.0 and 1.0. The higher the 
value of W the greater the similarity among 
the sets of ranking, the lower the value of W 
the less the similarity. In this instance, the 


1 Spikes less than 16 mm. in height were ranked 
in a last place tie, since it was found that spikes 
that high could be obtained in the absence of input 
from the EEG amplifiers. The delta frequency band 
(1.5-3.5 e/see.) was omitted because of its sensitivity 
to movement artifacts of even low amplitude. Fre- 
quencies 4, 5, 24, 27, and 30 were omitted in order to 
avoid an excessive number of last place ties, since 
these spikes do not often show significant elevation 
in normal EEGs with our instruments. 


tween estimated IQ and Ws for each of the 
four electrode pairs. 

The specific hypothesis to be tested now 
ean be stated as follows: there is a significant 
negative correlation (p) between estimated IQ 
on the one hand and W(1L0-E), W(.Lpc-E), 
W(Lo-P), or W(Lo-pc) on the other. (The 
hypothesis was of course tested statistically in 
the null form.) To support the hypothesis 
one or more of these four correlations must 
be significantly negative. 


RESULTS 


The 27 estimated IQs obtained ranged from 
64-147, mean 116.9, standard deviation 18.2. 

The 132 Ws obtained ranged from .64 to 
.99; 82 of them exceeded .90. All Ws are 
statistically significant (Ps < .001), demon- 
strating the inter-epoch similarity of the EEG 
frequency-pattern when the subject remains 
in a constant state. 


1S 
est 
fre 
FR: 
I 
Ele 
Pai 
LO. 
Lp¢ 
1 LO. 
2 
LO-E 
4 6 
‘ 
9 n 10 Th 
me. 
of 
ure 
Ws 
tab 
dif. 
the: 
bei 
(pe 
fre 
our 
| epo 
as V 
the 
Usil 
10 e 


EEG AND. INTELLIGENCE 


The p between W(LO-E;) and W(LO0-E2) 
is .87, which is_ statistically significant 
(P < .001), indicating the reliability of the 
estimates of frequency-pattern variation 
(Ws). The correlations between Ws derived 
from the 4 electrode pairs are given in table I. 


TABLE I 
RANK CORRELATIONS (p8) AMONG 
FREQUENCY-PATTERN VARIATION MEASURES 
DERIVED FROM SEVERAL BRAIN AREAS 
FOR 14 FREQUENCIES 


Electrode 
Pairs Electrode Pairs 

LpC-E LO-P LO-pC 
LpC-E .48 * 
LO-P 


* statistically significant (P < .02) 
** statistically significant (P < .001) 
They indicate that there is a high degree of 
similarity in frequency-pattern variation 
measured from different areas of the brain 
of the same individual, even when not meas- 
ured at exactly the same time. 
The correlations between estimated IQ and 
Ws for the 4 electrode pairs are given in 
table II. Since they are negligible and do not 


TABLE II 
RANK CORRELATIONS (,s) BETWEEN 
ESTIMATED IQ AND EEG FREQUENCY- 
PATTERN VARIATION (Ws) 
FOR 14 FREQUENCIES 


IQ, W (10-E) 123 
IQ, W (Lpc-E) — .071 
IQ, W (Lo-P) .098 
IQ, W (Lo-pce) .0004 


differ significantly from zero, the null hypo- 
thesis cannot be rejected, and the hypothesis 
being tested is not supported. 

Inasmuch as Dr. Walter has informed us 
(personal communication) that the relation- 
ship he observed obtained only for the alpha 
frequency band, 8-13/sec., we have reanalysed 
our raw data for those 6 frequencies over 10 
epochs.! The 132 Ws obtained ranged from 


1 We intended to use only 6 epochs for the analysis 
as Walter evidently did, but found that with our data, 
the reliability coefficient dropped to .57 (P < .01). 
Using 10 epochs the reliability coefficient was .72 
(P < .001); compare with .87 for 14 frequencies over 
10 epochs. 
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49 to .99; 62 of them exceeded .90; all were 
statistically significant; and the distribution 
of Ws was, as in the previous analysis, skewed 
to the low end. The correlations between Ws 
derived from the 4 electrode pairs are given 
in table III. It will be noted that about the 


TABLE III 


RANK CORRELATIONS (p8) AMONG 
FREQUENCY-PATTERN VARIATION MEASURES 
DERIVED FROM SEVERAL BRAIN AREAS 
FOR 6 FREQUENCIES 


Electrode 
Pairs Electrode Pairs 

LpC-E LO-P LO-pC 
LO-E ** AR One 
LpC-E 41 * 50 ** 
LO-P 76 *** 


* statistically significant (P < .05) 
** statistically significant (P < .01) 
*** statistically significant (P < .001) 


same relationships obtain among electrode 
pairs as when the analysis is based on 14 
frequencies (table I). Correlations between 
estimated IQs and Ws are given in table IV. 


TABLE IV 


RANK CORRELATIONS (pS) BETWEEN 
ESTIMATED IQ AND EEG FREQUENCY- 
PATTERN VARIATION (Ws) 

FOR 6 FREQUENCIES 


IQ, W (L0-E) 054 
IQ, W(upc-z) .0046 
IQ, W(Lo-P) 
IQ, W (Lo-pc) 


Although one is higher than any of the 
previously obtained correlations (table II), 
none are significant and they are in the wrong 
direction as far as the hypothesis being tested 
is concerned. 


DISCUSSION 


We have failed to substantiate the hypo- 
thesis of a relationship between EEG fre- 
quency-pattern variation and test intelligence. 
The most obvious inference to be drawn is 
that there is no relationship between EEG 
frequenecy-pattern variability and test intel- 
ligence, but there are other possible explana- 
tions of our results. One is that, since we have 
not exhausted the possible combinations of 


e 


660 R. J. ELLINGSON, R. C. WILCOTT, J. G. SINEPS and F. J. DUDEK 


electrode pairs, we may have missed areas of 
the brain which would yield the sought-for 
relationship; but since our results are uni- 
formly negative, and since significant correla- 
tions were found among the areas we did 
study, we would not feel optimistic about ob- 
taining positive results with other electrode 
pairs. 

A second possible explanation is that our 
sample of subjects was somehow a biased one. 
It was biased in that it was a group of above 
average intelligence (mean IQ 116.9), but the 
range of IQs (64-147) and the standard devia- 
tion (18.2) were sufficiently great that the 
low correlations between estimated IQ and 
Ws do not seem reasonably attributable to 
homogeneity of IQ. On the other hand, W 
scores did appear somewhat homogeneous, and 
this may have contributed to the low correla- 
tions, but we have no way of knowing at the 
moment whether our sample was more homo- 
geneous in this respect than the population of 
normal young adults from which it was drawn. 
We do have evidence that age was not a con- 
tributing factor. Correlations between age and 
estimated IQ (p = —.15) and age and EEG 
frequency-pattern variation (p — —.07) were 
low and not significant. 

Inspection and spot-checking of the raw 
data indicate that there would have been no 
change in the results if we had ranked all 24 
frequencies represented in the frequency 
analyses rather than the 14 or 6 we did use, 
nor any change if we had used only 6 epochs 
rather than 10 in deriving Ws. 


These results suggest that the Wechsler- 
Bellevue scale is not a good measure of what 
Walter refers to when he uses the term 
‘‘brillianee’’. Walter’s concept of ‘‘bril- 
liance’’, as nearly as we can gather, seems 
to include intellectual capacity or a variety 
of abilities and aptitudes plus some motiva- 
tional factors, resulting in the display by the 
subject of diverse, broad interests and achieve- 
ments. We felt that an intelligence test should 
be a measure of at least one component of 


‘*brilliance’’, and if so, there should be some 
correlation between intelligence test scores and 
EEG frequency-pattern variability, even if 
not a high one. We chose a widely used, 
standardized, objective test of intelligence, so 
that if positive results were obtained, a useful 
and widely applicable tool would be available 
for further investigation. Our negative results 
indicate that our expectation was-wrong, and 
it is unlikely that other standard intelligence 
tests would yield positive results where the 
Wechsler-Bellevue does not. An approach 
from another direction would involve the as- 
sessment of ‘‘brilliance’’ in terms of its results, 
and this approach Walter has apparently 
already attempted. 

On the positive side, we have been able to 
develop a reliable method for handling fre- 
queney analyser data, which yields a simple 
and statistically manipulable measure of EEG 
frequency-pattern variation, which can be 
applied to frequency bands of any width,! 
and which may be useful in future research 


in this area. 
SUMMARY 


An experiment was performed to test a 
hypothesis, suggested by Walter’s work, that 
there is a relationship between test intelligence 
and EEG frequency-pattern variability. This 
involved the application of the coefficient of 
eoncordance (Kendall’s W) to frequency 
analyser data to yield a single summary meas- 
ure of frequency-pattern variability. The 
hypothesis was not confirmed. 
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INTRODUCTION 


One of the earliest known properties of 
chlorpromazine was that, in common with 
other anti-histamine compounds, it poten- 
tiated the effects of central depressant drugs 
and was found to be more powerful in this 
respect than its analogues. Much of the 
evidence has been derived from animal ex- 
periments, however. Courvoisier et al. (1953) 
found that the sleeping time of mice, guinea 
pigs and dogs, injected with hexabarbitone, 
was markedly increased when they were pre- 
treated with chlorpromazine. Kopera and 
Armitage (1954), using pentobarbitone, ob- 
served similar effects in mice. In man, chlor- 
promazine alone, or in combination with pro- 
methazine, has been given in preparation for 
general anaesthesia and the quantity of bar- 
biturate reduced (Dobkin, Gilbert and La- 
moureux 1954). A potentiation of the bar- 
biturate sleeping time in experimental animals 
has also been reported with reserpine (Shore, 
Silver and Brodie 1955). There are on the 
other hand, reports of convulsions in patients 
treated with chlorpromazine and reserpine 
(Hollister et al., 1955; Schlichter et al. 1956) 
and of an increase in convulsions in patients 
with convulsive disorders (Bonafede 1955; 
Barsa and Kline 1955; Faurbye 1955). 

There seem to be some indications there- 
fore, that these two drugs, chlorpromazine 
and reserpine, not only potentiate the action 
of central depressant drugs, but may also in- 
erease convulsions. Since there was in the 
hospital a large-scale clinical investigation in 
progress with these drugs, and since the 
methods for determining quantitatively the 


sedation threshold (Shagass 1954) and the 


convulsive threshold (Ulett et al. 1955) were 
already available, it was thought that an 
investigation into the effects of both chlorpro- 
mazine and reserpine on these thresholds in 
a group of chronic psychotic patients might 
throw further light on their action in man. 
In addition it was considered that the method 
of studying the effects of one drug, whose 
action was not fully known, in combination 
with another, whose effects are known and 
can be estimated quantitatively, might prove 
to be a useful one for investigating the effects 
of new drugs in psychiatric patients. Such a 
method has recently been successfully em- 
ployed in the study of the effects of drugs in 
— animals (Bradley and Hance 1955, 


METHODS 


I. Selection of Patients. The group of 
patients chosen for this investigation consisted 
of chronic catatonic schizophrenics. This was 
done in order to obtain as homogeneous a 
group as possible with the minimum amount 
of doubt over diagnostic category. The pa- 
tients chosen were either in stupor, semi- 
stupor or had had definite stuporous episodes. 
It is nevertheless impossible to standardize an 
investigation with schizophrenics owing to the 
liability of the symptoms to fluctuate and the 
behavior to vary from day to day and from 
week to week. Although 20 patients were 
originally selected, only 11 finally proved 
suitable, 4 of these being male and 7 female. 


II. Plan of Investigation. The method 
used was to establish the control sedation 
threshold and control convulsive threshold in 
each patient and then to repeat these, first 
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after pre-medication with chlorpromazine, 
and then following reserpine. The doses of 
the two drugs were based on the elinical 
findings in the large-scale hospital trial and 


The same procedure was used with reserpine 
but in this case the dose was 2.5 mg. for 
each intramuscular injection. None of the 
patients had received any treatment with 


100 w] 


1 second. 


Fig. 1 
EEG records of a female patient (G.P.) age 70, obtained whilst establishing the sedation 
threshold. A: before the injection was started, B: after 6 ml. and C: after 14 ml. of sodium 


amytal solution. 


were chosen so that the two drugs should have 
a comparable clinical effect. 

The method of administration of chlorpro- 
mazine was to give 50 mg. intramuscularly 
at 8 am. and again at 8 p.m. on the day 
before the experiment and a further 50 mg. 
one hour before the recording was started. 


drugs for several months before the investiga- 
tions was started. 

III. Sedation Threshold. It was originally 
intended that the method of Shagass (1954) 
should be used for establishing the sedation 
threshold. This consists of injecting a solu- 
tion of sodium amytal containing 0.5 mg. per 
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kg. of body weight per ml., intravenously at 
a rate of 1 ml. every 40 sec. A clinical 
threshold is established by noting the quantity 
of sodium amytal required to produce slurring 
of speech, and the EKG threshold is obtained 


tion in the method was therefore to establish 
a reliable objective clinical threshold which 
could be used with these patients. 

In preliminary trials it was found that 
there was a number of objective changes, such 


| 


Fig. 2 
The same as figure 1 but in a different patient (W.H., female, age 45). 


by plotting the amplitude of the fast activity 
indueed by the drug. 

It became immediately apparent that the 
clinical side of the method was unsuitable for 
our patients, if not for many chronic psy- 
chotic patients, since they were either mute 
or relatively inaccessible. The first modifica- 


as the closing of the eyes which had remained 
persistently open, or the falling back of the 
head onto the pillow in patients who adopted 
the classical catatonic posture when lying 
down. These changes were very variable, 
however, and were not found to be sufficiently 
reliable. The only clinical threshold which 
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could be assessed with any reasonable ac- 
curacy was that of sleep, as shown by a failure 
to respond to a verbal command to open the 
eyes. Trials showed that injecting 1 ml. of 
sodium amytal solution every 40 sec. did not 
always result in sleep and the rate of injection 
was therefore increased to 1 ml. every 30 sec. 
The maximum quantity of sodium amytal 
given to any patient never exceeded 0.5 @. 


by measuring the amplitude of the fast ac- 
tivity induced by the barbiturate and plotting 
this against the quantity of amytal injected. 
This amplitude, according to Shagass, rises 
rapidly to a peak and the graph then flattens, 
the point of inflection being the EEG thresh- 
old. He found that this point was usually 
one injection unit (ie. 1 ml.) less than the 
clinical threshold of slurred speech. 


SODIUM AMYTAL THRESHOLD 


Method I (Shagass) 
so CONTROL 
pv 
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Graphs obtained by plotting the amplitude of fast activity in the EEG record against the 
quantity of sodium amytal solution injected. Method I, original Shagass method. Method II, 
modified method (see text). All the graphs were obtained from the same patient (W.G.P.) 
and a total of 17 ml. corresponded to 0.5 g. of sodium amytal. 


Ten seconds after each injection the command 
to open the eyes was given and if there was no 
response it was repeated in a louder voice 
after the next injection. In a few eases, be- 
cause of negativism or inaccessibility, other 
signs were used to confirm the clinical thresh- 
old. 

Shagass correlated the clinical threshold 
with the EEG threshold which was obtained 


The Shagass method for establishing the 
EEG threshold was adopted but it was found 
to be difficult technically and liable to in- 
accuracies, especially in low voltage records 
(compare fig. 1 and 2). The graphs were 


plotted by the EEG recordists and examined 
independantly by each of the authors. This 
was done by one of us (P.B.B.) without know- 
ledge of the clinical threshold. It was found 
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to be very difficult in most cases to dis- 
tinguish any definite point of inflection on 
the curves (fig. 3, method I). Because of this 
difficulty further graphs were plotted in 
many cases, using several different methods. 
These all showed the same basic pattern how- 
ever, and samples of one of these methods are 
shown in the right-hand column in figure 3 
(method II). They are based on measure- 
ments of amplitude made in the fronto- 
temporal region, on either the right or left 
side, and include measurements of single 
waves. The threshold on these graphs was 
taken to be the point where the amplitude 
reached a maximum and was followed by a 
flattening of the curve. Since in the graphs 
plotted by this method, this point appeared 
to be much clearer, the method was adopted 
in those cases where the EEG threshold was 
doubtful in the graphs plotted by method I. 
In spite of the inaccuracies which became 
apparent in the method for establishing the 
EEG threshold for sedation, we found that 
our independant assessments of this threshold 
were often the same or varied at the most by 
only one unit. 

When control thresholds had been estab- 
lished in each patient, the procedure was re- 
peated after pre-medication with chlorpro- 
mazine and then after reserpine. In order to 
avoid any possibility of the persistence of the 
effects of any one of the drugs, at least one 
month was allowed to elapse between each 
individual test in each patient. 


IV. Convulsive Threshold. The convulsive 
threshold was established with hexazol, the 
method used being based on that of Ulett 
et al. (1955). Three preliminary methods 
were tried and abandonned. The first was 
identical with the method used by Ulett and 
his co-workers and consisted of injecting 1 ml. 
of a solution of hexazol (5 mg/ml.) over a 
period of 10 sec., then pausing for 10 sec., 
followed by photic stimulation at 15 flashes/ 
sec. for a further 10 sec. The whole procedure 
was then repeated until the threshold was 
reached. This method was given only a few 
trials because it was found that the end point 
was reached after only 5 or 6 injections, and 
it was felt that this was too rapid to enable a 


small change in threshold to be detected. In 
addition, one patient had a.convulsion shortly 
after the end of the recording and another 
appeared to be ill, and it was thought that 
insufficient time was being allowed between 
successive injections for the drug to exert its 
full effect. The next step was, therefore, to 
increase the interval between the injections 
and this was done by interposing two addi- 
tional periods of photic stimulation, with 10 
sec. intervals in between. Thus, injections 
were now made every 60 sec. instead of every 
20 see. It was found that the end point was 
still reached too soon and therefore in the 
third method the strength of the solution was 
halved (2.5 mg/ml.), but when this was 
tested, no end point was reached. With both 
of these methods it was seen that the third 
period of photic stimulation evoked no more 
abnormality than the second and could there- 
fore be omitted. In the fourth and final 
method, which was used to establish the con- 
vulsive threshold in all patients, the strength 
of the solution of hexazol was made 4 mg/ml. 
and only two periods of photic stimulation 
were used. The method was as follows: 1 ml. 
of hexazol solution (4 mg/ml.) was injected 
over a period of 10 see., then there was a 10 
see. pause, followed by photic stimulation for 
10 sec., a further 10 see. pause and another 
similar period of stimulation, followed im- 
mediately by the next injection. 

The end point used was that recommended 
by Ulett et al. (1955) and was either (@) 
generalized myoclonus, with or without EEG 
abnormality or (b) facial twitching with 
marked EEG abnormality, usually consisting 
of spikes and slow waves. The most common 
finding was that of generalized myoclonus, 
with spiking and slow waves in the EEG, but 
the precise nature of the end point was not 
always the same even in the same patient. 
When there was any doubt about the threshold 
the test was repeated at a later date. In some 
cases spontaneous abnormalities occurred and 
these made it more difficult to establish the 
threshold. Three patients showed these ab- 
normalities quite consistently and to a marked 
extent. Two examples from one patient are 
shown in figure 4 and it ean be seen that their 
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occurrence may be completely unrelated to 
the photic stimulation and can, in fact, pre- 
cede it. 

One patient had a major fit on two out 
of three occasions, with no spontaneous abnor- 
mality and no clinical warning. This patient 
was excluded from the series as he was ill 
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to obtain any subjective information from 
this patient as he was quite mute. In most 
cases, because of apprehensive appearance or 
the presence of spontaneous abnormalities in 
the EKG record or, if the total dose of hexazol 
had been large, the patient was given a rapid 
intravenous injection of 2.5 2. of sodium 


Fig. 4 
EEG records obtained in establishing the convulsive threshold in a female patient (M.J., age 


38), showing the presence of spontaneous abnormalities. A: 


the spontaneous abnormality is 


larger in amplitude than that occurring during photic stimulation (stimulus marker in bottom 
trace). B: another spontaneous episode in the same patient. 


for several days after each fit. Another pa- 
tient became extremely frightened as the 
threshold was reached and sat up suddenly, 
pulling off the electrodes. This happened on 
two occasions when he had been pre-treated 
with chlorpromazine, but not in the control 
test or after reserpine. It was not possible 


amytal immediately after the convulsive 
threshold had been established. 


RESULTS 


I. Sedation Threshold. The sedation thresh- 
olds established with sodium amytal, both in 
the normal and after chlorpromazine and re- 
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serpine, are shown for each patient in table I. 
The clinical and EEG thresholds are given 
separately in each case and the units cor- 
respond to the number of ml. of solution in- 
jected. 

It can be seen that in 4 patients (W.G.P., 
I.S., S.P. and M.G.) there was a considerable 
discrepancy between the clinical and EEG 


thresholds in the normal, but this is perhaps 


not unexpected since the clinical threshold 
used was that of sleep and not of slurring 
of speech. This discrepancy was maintained 
in these patients after chlorpromazine had 
been given and in 2 (W.G.P. and I.8.), it was 
also maintained after reserpine. In one (M.G.) 
the clinical and EEG thresholds were the same 
after reserpine and in the other (S.P.) it 
was not possible to measure the EEG thresh- 
old. Three patients (T.B., J.S. and I.0’D.) 
did not sleep when the control sedation thresh- 
old was being established and therefore no 
clinical threshold was obtained for these. The 
other 4 patients showed a fairly close agree- 
ment between clinical and EEG thresholds. 


TABLE I 
SEDATION THRESHOLDS 


Patient Normal Chlorpromazine Reserpine 


Clin. EEG Clin. EEG Clin. EEG 


W.G.P. (M) 17 14 16 13 18 15 
GR. (M) 18 16 16 9 15 12 
LS. (M) 16 11 16 11 Ban 
MJ. (F) 15 15 15 12 16 15 
WH. (F) 11 11 16 12 12 12 
(F) — 15 18 15 
GP. (F) 14 #14 10 13 14 
MG. (F) 13 9 12 9 12 12 


(a) Following Chlorpromazine. In 5 pa- 
tients (G.R., M.J., S.P., 1.0’D. and G.P.) the 
EEG threshold for sedation showed a signif- 
icant change following pre-medication with 
chlorpromazine. This was, in all cases, a lower- 
ing of the threshold, ranging from 2 units 
(S.P.) to as much as 7 units (G.R.) In 2 
patients (J.S. and W.H.) there was a rise 


in threshold of one unit, and in another 2 
(T.B. and W.G.P.) a fall of one unit, whilst 
in the others (I.S. and M.G.) the EEG seda- 
tion threshold remained unchanged. Thus, 
since only a change of 2 or more units was 
regarded as significant, the EEG threshold 
in 6 patients showed no significant change, 
but in 5 there was an appreciable decrease 
after pre-medication with chlorpromazine. 

The control clinical sedation threshold 
could be established in only 8 patients. In 3 
this threshold showed a fall of 2 or more units 
after chlorpromazine, and these patients (G. 
R., 8.P. and G.P.) were ones in which the 
EEG threshold had decreased by a significant 
amount as well. In 4 patients (W.G.P., LS., 
M.J. and M.G.) the elinical threshold did not 
change significantly, but in another (W.H.) 
there was a considerable increase in this 
threshold. In this patient the EEG threshold 
did not change appreciably. 

(b) Following Reserpine. Following pre- 
medication with reserpine, the EEG sedation 
threshold showed, in 6 eases, either no change 
(M.J., I1.0’D. and G.P.) or a change of only 
one unit (W.G.P. and W.H.). In 2 there was 
a significant increase in threshold (M.G., 3 
units and J.S., 7 units) and in 3 others, an 
appreciable decrease (I.S., 2 units; G.R., 4 
units and T.B., 6 units). In one patient the 
EEG threshold could not be measured after 
reserpine owing to the presence of persistent 
muscle artefact in the record which obscured 
the barbiturate fast activity. 

The clinical sedation threshold showed no 
change in 6 patients. In 3 of these (W.GP., 
M.J. and W.H.) there was a rise of one unit 
and in the other 3 (S.P., G.P. and M.G.) a 
fall of one unit. In one patient (I.S.) there 
was a rise in threshold of 2 units, but in this 
case there was a fall in the EEG threshold of 
a corresponding amount. Another patient 
(G.R.) showed a significant fall in the clin- 
ical threshold and in this case there was a 
fall in the EEG threshold as well. Unfor- 
tunately, with the 2 patients who showed the 
greatest change in the EEG threshold after 
reserpine, it had not been possible to establish 
a control threshold, as these 2 patients did not 
go to sleep. 
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Ll. Convulsive Threshold. The convulsive 
thresholds, established with hexazol, are shown 
for each patient in table II, both in the 
normal and after chlorpromazine and reser- 
pine. The units, as with the sedation thresh- 
olds, represent the quantity of solution inject- 
ed in ml. in each case. The control convulsive 
thresholds show a wide range of variation in 
these patients. In 2 (J.S. and M.J.) it was 
as low as 4 units and in one (T.B.) as high 
as 15. 

(a) Following Chlorpromazine. In 6 pa- 
tients (G.R., LS., J.S., M.J., S.P. and G.P.) 
the convulsive threshold showed no change 
after pre-medication with chlorpromazine, and 
in a further 3 (W.H., I.O’D. and M.G.) the 


TABLE II 
CONVULSIVE THRESHOLDS 


Patient Normal Chlorpromazine Reserpine 
TB. (M) 15 13 14 
W.G.P. (M) 5 7 6 
G.R. (M) 7 i 7 
Is. (M) 8 8 8 
JS. (F) 4 4 4 
M.J. (F) 4 4 3 
&.P. (F) 6 6 6 
W.H. (F) 5 4 5 
LO’D. (FP) 8 7 
G.P. (F) 5 5 6 
M.G. (F) 5 4 5 


change (a fall) was only one unit and there- 
fore not regarded as significant. In one pa- 
tient (T.B.) there was a fall in threshold of 2 
units, and in another (W.G.P.) a rise of 2 
units. Thus after chlorpromazine, 9 patients 
showed no significant change in the convulsive 
threshold and 2 showed significant changes, 
one a rise and the other a fall. 

(b) Following Reserpine. As with chlor- 
promazine, 6 patients (G.R., LS., J.S., S.P., 
W.H. and M.G.) showed no change in their 
convulsive thresholds after pre-medication 
with reserpine. In another 3 patients (T.B., 
M.J. and I.0’D.) the threshold fell by one 
unit, and in a further 2 (W.G.P. and G.P.) it 
increased by one unit. Thus, with reserpine 
there were no significant changes in the 
threshold. 


DISCUSSION 


The results of all the experiments are sum- 
marized in table III. The figures here re- 
present the number of patients in each group 
and only a change in threshold of two or 
more injection units has been regarded as 
significant. Thus patients with a change in 
threshold of only one unit have been included 
in the group showing no change. 


As has already been stated, none of the 
patients in this series showed any significant 
change in convulsive threshold when _ pre- 
treated with reserpine. Similarly with chlor- 


TABLE III 
Convulsive Sedation 
threshold threshold 
Clinieal EEG 
Tnerease of 
dt 0 
3 or more 
Inerease of 1 0 
2 mi. 
CHLORPRO- 
MAZINE Unchanged 9 f 6 
Decrease of 
2 mi. 
Decrease of 0 
3 or more 
T f 
Increase 0 0 0 
3 or more 
Tnerease of 0 
2 mil. 
RESERPINE Unchanged 11 6 5 
Decrease of 
2 mi. 
Decrease of 
0 1 2 


3 or more 


promazine pre-medication, only 2 out of 11 
showed any change in the convulsive thresh- 
old, and in these 2 the changes were opposite, 
one being a rise and the other a fall. It may 
therefore be concluded from these results that 
neither chlorpromazine nor reserpine appear 
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to have any influence on the convulsive thresh- 
old in chronic schizophrenic patients, as mea- 
sured by this method. Convulsions have been 
reported in patients receiving these two drugs 
but an examination of these reports shows 
that where an increase in the number of fits 
occurred in epileptic patients, it might equal- 
ly well have been due to a decrease in the 
amount of barbiturate given. It is to be noted 
that where the barbiturates remained at the 
same level, there was no significant increase 
in fits. Shea, Alman and Fazekas (1955), 
treating patients with head injury (including 
one epileptic patient) report no convulsions. 
Hollister et al. (1955) report that a combina- 
tion of the two drugs increased the likelihood 
of convulsions, whilst Barsa and Kline (1955) 
found that the combination resulted in a lower 
incidence in convulsions than occurred with 
reserpine alone. The majority of reported 
eases of convulsions in non-epileptic patients 
have been associated with large doses of these 
drugs. If it is accepted however, that these 
two drugs can increase the incidence of con- 
vulsions, then a number of possible explana- 
tions for the present findings may be con- 
sidered. Firstly, it might be argued that the 
method used here might not be sufficiently 
accurate to detect small changes in the con- 
vulsive threshold. Whilst this is possible, it 
it considered unlikely that such small changes 
in threshold could be responsible for the oc- 
currence of spontaneous seizures. Secondly, 
the group of patients chosen for this study 
might represent a special group and may not 
be typical of those in which spontaneous sei- 
zures occur. A third possibility is that the 
doses of chlorpromazine and reserpine used 
in this investigation were too small to provoke 
either seizures or a change in threshold. It 
was intended, however, to use only normal 
clinical doses in this investigation. A fourth, 
and in our opinion more likely explanation, 
is that the mechanism by which seizures are 
produced in the combined hexazol-photie stim- 
ulation method might not be related to the 
mechanism of spontaneous seizures, and that 
whereas the results of our experiments would 
suggest that there is no interaction between 
either chlorpromazine or reserpine and hexa- 


zol, the first two drugs may still modify the 
threshold for spontaneous seizures in patients 
when given in sufficiently large doses. 

Considering now the sedation thresholds, 
following reserpine there were appreciable 
changes in certain patients, but this was in 
some cases an increase and in others a decrease 
(table III). There were therefore no con- 
sistent changes in the sedation threshold in 
these experiments when reserpine was given 
and we have been unable to confirm in man 
the suggestion that this drug potentiates the 
action of barbiturates (Shore, Silver and 
Brodie 1955). In our opinion there was no 
evidence of an interaction between reserpine 
and sodium amytal with the doses used. 

In the ease of chlorpromazine there did 
appear to be some consistent changes in the 
sedation threshold and, with one exception, 
when the threshold changed, it showed a 
decrease. The exception was one patient 
(W.H.) in whom the clinical threshold in- 
creased, but the EEG threshold showed no 
significant change. In 3 of the patients in 
which the change in the EEG threshold was 
large enough to be regarded as significant, 
the clinical threshold changed as well. Of the 
others, there were 3 patients in which neither 
threshold changed. Thus, there is some evy- 
idence from these experiments that chlorpro- 
mazine may in some eases lower the threshold 
for sedation produced by sodium amytal. 
Whether this can be regarded as a true poten- 
tiation of the effect of one drug by another 
is difficult to say. The fact that a smaller 
quantity of barbiturate is required to produce 
the same degree of sedation following chlor- 
promazine is perhaps only to be expected from 
the increased degree of relaxation produced 
by the latter drug, and from its possible site 
of action in the central nervous system (Brad- 
ley and Hance 1955, 1957; Bradley and Elkes 
1956). This idea is further supported by the 
changes which were observed in the resting 
records of the patients treated with chlorpro- 
mazine. The control resting records of the 
patients used in this investigation showed low 
voltage, fast activity, with very little if any 
alpha activity, but considerable muscle arte- 
fact (fig. 5A). This type of record, which 
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1oopy| 
Fig. 5 


Resting EEG records of the same patient (I.S., male, age 
B: after pre-medication with reserpine (2.5 mg.) and C: 


30), A: before any medication, 
after chlorpromazine (50 mg.). 


is ¢ 
refle 
ther 
of 
fact 
in t 
dose 
has 
me. 
dose 
par] 
thet 


pro. 
moc 
vuls 
toe 
had 
rela 
inve 
esta 
this 
ineé 


nor 


wa 
' 
hi 
by | 
a 
did 
hav 


SEDATION AND CONVULSIVE THRESHOLDS 


is common in schizophrenics and probably 
reflects a state of tension, was seen in 8 out 
of the 11 patients. After chlorpromazine, 
there was in all 8, an increase in the amplitude 
of the activity and a decrease in muscle arte- 
fact, together with the appearance of some 
alpha activity (fig.5 C). This type of change 
in the resting record was not seen with the 
doses of reserpine used here (fig. 5B), but 
has been observed with large doses (up to 18 
mg. daily). Patients receiving these large 
doses of reserpine often showed symptoms of 
parkinsonism and quite frequently there was 
theta activity present in their EEG records. 


Both of the methods by which it had been 
proposed to establish the thresholds had to be 
modified before they could be used. The con- 
vulsive threshold was found to be fairly easy 
to establish accurately, and the changes which 
had to be made in the method were probably 
related to the type of patient used in this 
investigation. With regard to the method for 
establishing sedation thresholds, it is felt that 
this has to be used with care in patients 
ineapable of full co-operation. 


SUMMARY 


1. The effects of chlorpromazine and re- 
serpine, in normal clinical doses, on both 
sedation and convulsive thresholds have been 
studied in a group of eleven chronic catatonic, 
schizophrenie patients. 


2. The sedation threshold was determined 
by injecting sodium amytal intravenously, the 
method being based on that of Shagass (1955). 
Because of the inaccessibility of the patients, 
a clinical threshold of sleep was used. The 
method of assessing the EEG threshold was 
modified in many eases as the original method 
did not give clear results. 

3. The convulsive threshold was deter- 
mined by injecting hexazol intravenously, the 
method being based on that of Ulett et al. 
(1954). It was found necessary to modify 
the method as the end-point was reached after 
too few injections and the drug appeared to 
have a delayed effect, resulting in convulsions 
after the test was finished. 

4. The thresholds were determined in the 
normal and after pre-medication with: (a) 
chlorpromazine and (b) reserpine. Following 
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reserpine, in normal clinical doses, neither 
the sedation threshold, nor the convulsive 
threshold showed any significant change. The 
same was true of the convulsive threshold 
after pre-treatment with chlorpromazine. 


5. After chlorpromazine there were signif- 
icant changes in the sedation thresholds in a 
number of patients. These changes were con- 
sistent, being a lowering of the sedation 
threshold. The relation of these findings to 
the possible mode of action of the drugs and 
the reports of the occurrence of spontaneous 
seizures when they are used, is discussed. 

We wish to thank Professor J. Elkes for his 
adviee and encouragement of this work and Dr. J. J. 
O’Reilly for providing the facilities and for per- 
mission to publish this paper. We are also very much 
indebted to our two recordists, Miss Ursel Stinnes 
and Miss Mary Dyas who, apart from taking all the 
records, undertook the tedious work of measuring the 
amplitude of the activity and plotting the graphs for 
the sedation thresholds. 
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CYCLIC VARIATIONS IN EEG DURING SLEEP 
AND THEIR RELATION TO EYE MOVEMENTS, 
BODY MOTILITY, AND DREAMING 


WILLIAM DEMENT, M.D.! and NATHANIEL KLEITMAN, Ph.D.? 
Department of Physiology, University of Chicago 


(Received for publication: June 3, 1957) 


INTRODUCTION 


The EEG patterns accompanying dream- 
ing have never been adequately characterized. 
In the course of the early descriptive studies 
of sleep patterns, incidental observations were 
made by several different groups of investiga- 
tors and their combined results seemed to 
indicate that dreaming could oceur in all 
stages of sleep. Davis et al. (1938) got reports 
of dreaming from subjects who were awakened 
shortly after the onset of sleep when the EEG 
had not progressed beyond the ‘‘B”’ stage, a 
low voltage, irregular pattern, and also after 
awakening from a ‘‘C”’ stage, spindling with 
a low voltage background. Blake, Gerard, 
and Kleitman (1939) eoneluded that ‘‘dream- 
ing is present most of the time’’ mainly on 
the basis of one subject who reported dreams 
nearly every time she was awakened during 
the night. They felt that dreams were less 
likely to occur in the presence of high voltage, 
delta activity. Knott, Henry, and Hadley 
(1939), on the other hand, obtained several 
reports of dreaming when subjects awakened 
spontaneously during periods of high voltage 
delta activity, and also during spindle activ- 
ity. Henry (1941) described dreams reported 
after awakening from low voltage, spindle, 
and spindle plus delta stages. In a study 
specifically concerning the relation between 
EEG patterns and dreaming, Teplitz (1943) 
concluded that dreams could occur in associa- 
tion with any sleep potential pattern, but 
found the highest incidence of dream recall 
after awakenings during the ‘‘B’’ and ‘‘C”’ 
stages. 


1 Postdoctoral Public Health Service Research 
Fellow of the National Institute of Neurological 
Diseases and Blindness. 

2 Aided by a grant from the Wallace C. and 
Clara A. Abbott Memorial Fund of the University 
of Chicago. 


The above results, frequently cited in the 
literature, suggest a lack of relation between 
EKG stages during sleep and functional levels 
of central nervous activity. However, dream- 
ing, with its complex visual imagery and at 
least a certain degree of organization and 
purposefulness, is closely akin to waking 
mental activity, and the supposition that it 
ean occur at any level of sleep as indicated by 
brain waves is difficult to accept. To be sure, 
with the exception of Teplitz, the dream re- 
ports in the studies cited above were very 
small in number. 

A new method for the detection of dream- 
ing was recentlv described by Aserinsky and 
Kleitman (1955a) who reported the occur- 
rence of periods of rapid conjugate eye move- 
ments during sleep and found a high incidence 
of recall of dream content in subjects awaken- 
ed during these periods and a low incidence 
after awakenings at other times. The oceur- 
rence of these eye movements and their rela- 
tion to dreaming was confirmed in both nor- 
mal subjects and schizophrenies (Dement 
1955), and a recently completed study appears 
to have conclusively established this relation- 
ship (Dement and Kleitman 1957). In this 
study, an 80 per cent incidence of vivid detail- 
ed dream recall was elicited from subjects 
after nearly 200 awakening during periods 
of rapid eye movements over many nights of 
sleep. Adequate control was maintained 
throughout the experiments of such distorting 
factors as the subjects’ desire to please the 
experimenter with dream reports and un- 
intentional cuing by the experimenter. Only 
7 per cent recall was obtained after a com- 
parable number of awakenings, randomly in- 
terspersed, when the eyes were quiescent. It 
was noted that the largest share of these 
dream reports during quiescent periods re- 
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sulted from awakenings following very soon 
after the end of a rapid eye movement episode 
which suggested that they resulted from the 
persisting memory of earlier dream material 
rather than dreaming during the quiescent 
periods. In addition, it was demonstrated 
that the subjective estimation of dream-dura- 
tion and the amount of dream narrative cor- 
related highly with the length of the rapid 
eye movement period before awakening, and 
that the eye movements themselves seemed to 
be meaningfully related to the visual imagery 
of the dream. Brain waves were recorded, and 
it appeared that the eye movement periods 
were associated with a low voltage pattern 
while the interspersed periods of ocular 
quiescence were associated with spindle and 
delta stages. 

In the investigation to be described, the 
EEG during undisturbed all night sleep was 
carefully examined using the periods of rapid 
eye movement as an objective criterion of 
dream activity. In this way it was hoped to 
establish conclusively that the rapid eye move- 
ments (dreaming) were associated with a 
characteristic EEG stage and to determine 
the frequency of occurrence and quantity of 
rapid eye movement and related EEG varia- 
tions throughout an entire night of sleep. Body 
movement was also observed because of its 
possible relation to dreaming and its close 
association with EEG changes during sleep. 

Some of the data have already been de- 
seribed in a brief preliminary report (Dement 
and Kleitman 1955). 


SUBJECTS AND METHOD 


The subjects for the experiments were 26 
men and 7 women. Their ages ranged from 
16 to 61 with the majority between 20 and 30. 
All gave negative medical histories and none 
reported having insomnia or other sleep dif- 
ficulties. 


All night reeordings of eye movements, 
brain waves and body motility were made on 
each subject for one or more nights of sieep. 
In a typical experiment, a subject reported 
to the laboratory a little before his accustomed 
bedtime. He had been previously requested 
to abstain from coffee, alcohol, excessive food 
intake, and unusually strenuous exercise dur- 
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ing the day. Silver disc electrodes were af- 
fixed to the scalp with collodion and to the 
ear lobes and around the eyes with elasto- 
plast. Great care was taken in attaching the 
electrodes so that they would remain in place 
without drying throughout the entire night. 
The lead wires were gathered together and 
further fastened to the top of the head with 
collodion. The subject then went to bed in a 
quiet dark room. The leads were taped to- 
gether and ran as a single cord to the lead 
box at the head of the bed. This arrange- 
ment allowed a free range of movement 
without entanglement and minimized any 
annoyance to the subject. The experimenter 
then retired to an adjacent room where the 
recording equipment was located and did not 
again enter the experimental room or dis- 
turb the subject in any way until he awoke 
spontaneously in the morning or until his 
sleep was terminated artificially after an 
adequately long period. 


The EEG and eye movement potentials 
were amplified and recorded by a four channel 
Grass Model III Electroencephalograph. All 
pens were set at the same gain and the 
EEG time constant was used throughout. 
Monopolar recording, either from scalp or 
eyes, was with reference to both ear lobes. In 
the first few experiments, one channel re- 
eorded the EEG monopolarly usually from 
a parietal electrode and three channels were 
used for eye movement potentials. One pen 
gave a bipolar record from a supra-orbital 
electrode above one eye to an infra-orbital 
electrode. The other two pens recorded 
monopolarly from the same two orbital leads 
referred to the ear lobes. Changes in the 
resting potential field, with reference to the 
electrodes, as the eyeball rotated were assum- 
ed to generate the observed electrical impulses 
(Fenn and Hursh 1937). In this way it was 
felt that eye movement potentials could be 
accurately differentiated even in the extreme 
case of a very small movement against a high 
voltage EEG background. Brain waves, with 
the same gain on all pens, were of smaller 
amplitude with the bipolar arrangement 


(supra-orbital to infra-orbital) than with the 
monopolar, and were also in phase on the 
monopolar pens. 


Consequently, only eye 
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movements gave the characteristic criteria of 
larger deflections on the bipolar pen and 
simultaneously out of phase smaller deflec- 
tions on the monopolar pens. Vertical eye 
movements gave the largest potentials and 
movements in other directions varied ap- 
proximately as the cosine of the angle of dis- 
placement from vertical. 

It soon became apparent that such care- 
ful recording of eye movements was not ne- 
cessary and subsequently they were recorded 
with either two pens monopolarly or one pen 
bipolarly allowing more pens to be used for 
EEG tracings. Also horizontal eye movement 
leads were frequently used, one on each outer 
ecanthus, because of the ease of their attach- 
ment. These gave the same differentiation eri- 
teria as the vertical leads. The usual tech- 
nique was to definitely ascertain the pre- 
sence of eye movements and then quickly 
switch so that three pens recorded the EEG 
from frontal, parietal, and occipital leads 
referred to the ears and one pen recorded 
from the eye bipolarly. 

Electrode resistances were checked before 
the subject retired and any electrode giving 
a reading above 10,000 ohms was re-applied. 
The resistances were then checked at the 
Grass machine irregularly throughout the 
night and it was found that they invariably 
remained less than 10,000 ohms. 

Body motility was recorded by means of 
an attachment to the bed spring which re- 
gistered a deviation on a moving tape when 
the subject stirred. Note was also made of 
body movement artifacts in the EEG record 
and the two sources were combined to give the 
final motility record. 


The EEG machine was run continuously 
throughout the night. This was important 
because the EEG changes and eye movement 
periods frequently lasted only a few minutes 
and might have been missed entirely by in- 
termittent sampling. A constant paper speed 
of the standard 3 em. per sec. was impossible 
because of the prohibitive quantity of paper 
that would have been consumed in the 6-8 
hours of recording. Therefore, whenever pos- 
sible, the paper speed was slowed to 0.6 or 
0.3 em. per see. The reliability of doing this 
was greatly enhaneed by the fact of the 


experimenter’s constant attendance, because 
the paper speed could be immediately in- 
creased when any change occurred or any 
question arose. Also, frequent confirmatory 
standard speed samples could be taken. 

High voltage delta waves were easily iden- 
tified at the slower speeds due to their wide 
amplitude band. Low voltage faster waves re- 
quired a standard speed most of the time, but 
spindles with a moderate amount of delta 
activity could be identified at the slower 
speeds because of the wider band and because 
the experimenter could actually see and hear 
the characteristic movement and scratch of 
the pens while reproducing a spindle and 
could confirm this impression with frequent 
standard speed samples. The records were all 
carefully measured and judged at a later 
date in addition to the original on-the-scene 
judgments. 

In order to facilitate the organization and 
analysis of the large amount of data from 
many experiments running continuously for 
hours, the categorization of the EEG patterns 
during sleep was somewhat simplified. Four 
categories or stages were used: 

Stage 1. The essential characteristic was 
an absolute lack of spindle activity. In 
general, a low voltage, relatively fast pattern 
corresponding to the ‘‘B’’ stage of Loomis 
et al. (1937) and the ‘‘drowsy’’ stage of Gibbs 
(Gibbs and Gibbs 1950), and including what 
the Loomis group ealled the ‘‘A’’ or inter- 
rupted alpha stage, Thus, any EEG pattern | 
between full wakefulness and the appearance 
of spindles was included in stage 1. 


Stage 2. Characterized by the presence of 
spindle activity with a low voltage back- 
ground. A certain amount of slower activity 
was included in this stage in the 3-6 per sec. 
range. Gibbs’ biparietal hump phase was also 
included although recognition of the humps 
was hindered by the unilateral recording. 
However, since this wave form is less pro- 
minent in the adult age group (Gibbs and 
Gibbs 1950) and in most cases was followed 
almost immediately by the appearance of 
spindles, its inclusion was felt justifiable. 
Careful distinction had to be made between 
spontaneous ‘‘K’’ complexes occurring in this 
stage and delta waves appearing in deeper 
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stages. In general, the ‘‘K’’ complex or 
arousal response could be easily identified by 
its wave form and its widely spaced occur- 
renee which caused it to stand out sharply 
against the low voltage, spindle background. 

Stage 8. An intermediate stage char- 
acterized by the appearance of high voltage 
slow waves with some spindling superimposed. 
In borderline cases, records with an average 
of less than two waves over 100 pV. and 
1-2 c/see. or slower in 10 sec. were assigned 
to stage 2 and records with more than half 
over 100 pV. and 1-2 ¢/see. or slower were 
assigned to stage 4. 

Stage 4. At least half or more of the 
record dominated by waves of 100 »V. or 
greater in the 1-2 e/see. range or slower. 

It should be emphasized that judgment was 
based on a fairly long stretch of record. 
Thus, if classifications were made of every few 
seconds of record, for example during a 
spindle stage, a spindle wave form might not 
oceur in this brief period and the low voltage 
background would have to be assigned to 
stage 1. This would give the misleading im- 
pression of excessively frequent alternation 
between stages. Also, there was some tendency 
for delta waves to wax and wane and a few 
seconds of record during a waning: phase 
would then have to be assigned to a different 
stage. In general, the judging of the record 
was a continuous, on-the-scene process. 


RESULTS 


I. The occurrence and interrelations of 
rapid eye movements, brain wave patterns, 
and body motility during a night’s sleep. 

In the first series of experiments, a total 
of 71 nights of sleep recordings was taken 
from 26 men and 7 women. The number of 
nights slept by each subject ranged from 1 
to 7 with the majority being studied for 2 
nights. The length of the sleep period aver- 
aged 6.5 hours and ranged from 2 to 9. In 
general, sleep was continuous except for 
oceasional brief awakenings indicated by the 
appearance of a waking EEG pattern which 
usually followed gross body movements. These 
brief awakenings, as a rule, were not re- 
ealled by the subjects on the following 
morning. For purposes of analysis, if the 


awakening was prolonged more than a few 
minutes, the sleep period was considered 
terminated. Awakenings lasting more than a 
few seconds were easily identified by, in addi- 
tion to the waking EEG, persistent muscle 
potential and movement artifacts, blink arti- 
facts, and often the subject’s calling out. The 
occasional brief bursts of waking EEG fol- 
lowing body movements did not show these 
artifacts. 

A. Eye Movements. Discrete periods 
during which their eyes exhibited rapid move- 
ments were seen in all 33 subjects every night 
they slept. The recorded eye movement 
potentials varied from just discernible up 
to several hundred microvolts. From controls 
it was seen that a 100 pV. deflection cor- 
responded roughly to a movement through a 
20 degree are in the plane of the electrodes. 
A single movement was executed in about 
0.1-0.2 see. and was followed by a fixational 
pause of varying duration. Several exper- 
iments with electrodes around both eyes con- 
firmed that the movements were binocularly 
synchronous and that they occurred in all 
directions. The size, direction, and amount of 
the movements varied widely and irregularly 
from moment to moment and period to period. 
In general, the movements tended to oceur in 
clusters which were grouped together into a 
rapid eye movement period. However, the 
movement was sometimes virtually continuous 
throughout such a period and at other times 
exceedingly sparse. As a rule, the relative 
quiescent intervals between clusters of move- 
ment varied from several seconds to several 
minutes. Quiescence of more than 5 min. 
almost invariably signaled the end of a rapid 
eye movement period, and then no movements 
were seen until the onset of the next period. 
Figure 1, A-C, presents examples of eye 
movement potentials recorded at a slow speed 
from the outer canthi of one subject on the 
same night to illustrate variations in quality 
and quantity. Figure 1, D, is the occipital 
EEG band during an eye movement period 
from the same subject to show relative volt- 
ages. The eye movement potentials in figure 
1, E, were recorded from the subject the next 
morning while he was sitting erect watching 
the experimenter. He was told not to move 


gene 
6 ho 
of n 
hour 
in ji 
a S13 
shor’ 
ment 
tion 
1 to 


pear 
for | 
dispe 


his | 
d i 
the 
| | ) 
a 
cessl 
shou 


CYCLIC VARIATIONS IN EEG DURING SLEEP 


his head but did not know his eye movements 
were being recorded. This record indicates 
that the potentials of purposeful waking 
movements are comparable to those seen 
during sleep. 

No rapid eye movements were seen during 
the onset of sleep in the subjects studied. 
Table I summarizes the data concerning suc- 
cessive eye movement periods throughout the 
night for this group of experiments. It 
should be noted from the mean durations that 
the eye movement periods tended to be longer 
the later in the night they appeared. In 
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first 6 hours of sleep, the average total time 
taken up by eye movement periods was 64 
min. or 17.7 per cent. The percentage would, 
of course, be larger for sleep durations of 8 
hours or more, since the longer eye movement 
periods generally occurred during the later 
portions of the night. For reasons to be dis- 
cussed later, if sleep showed a_ persistent 
lightening at about 1 hour after the initial 
onset without the appearance of eye move- 
ments and then deepened again, the first eye 
movement period was tabulated with the 
group of second eye movement periods. This 


SEC. 


Fig. 1 
Sample tracings of eye movement potentials. A-C are bipolar records from 
the outer canthi of one subject on a single night. D is the monopolar 
occipital EEG coincident with B illustrating the low voltage EEG. E is 
a sample of eye movement potentials from the same subject after awakening 


in the morning. 


general, 4 eye movement periods were seen in 
6 hours of sleep. Because of the small number 
of nights where sleep lasted longer than 6-7 
hours only a few fifth periods were seen and 
in just one night’s sleep lasting 9 hours was 
a sixth eye movement period observed. The 
shortest quiescent interval between eye move- 
ment periods was 36 min. The range of dura- 
tion of eye movement periods was quite large, 
1 to 72 minutes. The range of time of ap- 
pearance after the initial sleep onset increased 
for each successive period due to temporal 
dispersion. Caleulated on the basis of the 


ocenrred in 15 of the 71 nights in records from 
11 subjects. 

A small series of control experiments was 
done to test the possibility that the lack of 
eye movement potentials at certain times was 
due to marked decrease of the resting po- 
tential of the eye. Subjects were awakened 
by a buzzer during these periods and accord- 
ing to previous instruction immediately be- 
gan moving their eyes back and forth between 
two dim lights above the bed. In all cases, the 
eye movement potentials that appeared within 
3 to 10 see. after the onset of the noise were 
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comparable in amplitude to those seen during 
both sleep and wakefulness. 

B. Electroencephalographic findings. The 
EEG showed a strikingly consistent relation- 
ship to the rapid eye movement periods. The 
only pattern seen while the eyes were moving 
was stage 1, a low voltage, non-spindling EEG. 
This stage invariably persisted throughout 
the entire eye movement period, including the 
intervals of relative ocular quiescence between 
clusters of movement, and also throughout the 


TABLE I 


TIME OF FIRST APPEARANCE AND DURATION 
OF SUCCESSIVE EYE MOVEMENT PERIODS 


Eye 
Movement Minutes after 
Period Sleep Onset Duration 
Range Mean Range Mean 

Ist 45-118 67 1-36 9 
2nd 107-222 156 2-54 19 
3rd 180-340 253 24 
4th 257-412 338 4-66 28 
5th 300-420 404 30-39 34 


entirety of periods with very sparse amounts 
of movement. Rare exceptions to this occurred 
when the EEG changed briefly to stage -2 in 
the middle of an eye movement period. No 
actual eye movements ever coincided with the 
stage 2 EEG, however, and the reappearance 
of eye movements was always accompanied 
by a reversion to stage 1. This ‘‘slipping’’ 
down to stage 2, when seen, usually happened 
during the first eye movement period and al- 
most never occurred later in the night. 

The stage 1 EEG persisting throughout the 
eye movement periods showed considerable 
variation within this classification. Generally 
a low voltage, irregular pattern, there were 
also many bursts or trains of regular 7-10 
per sec. waves in the occipital leads, and 18- 
25 or 5-7 per sec. waves in the frontals. <Al- 
though all these variations were usually seen 
in every subject, the occipital regular waves 
were more common in subjects with a pro- 
minent waking alpha rhythm and were char- 
acteristically 1-2 e/see. slower than the wak- 
ing frequency. The frontal ‘‘beta’’ waves 
were more common in non-alpha_ subjects. 
These synchronous patterns were somewhat 


more prominent in the intervals between 
clusters of eye movements and often seemed 
to be disrupted or ‘‘blocked’’ by the eye 
activity. As far as could be seen, the EEG 
patterns accompanying an eye movement 
period 1 hour after the onset of sleep were 
no different from those accompanying eye 
movements 6 or 8 hours after the onset of 
sleep. Figure 2 contains sample EEG re- 
cordings taken on single nights from two sub- 
jects. It illustrates the stage classifications 
used in this study and particularly shows some 
of the various stage 1 patterns that occurred 
during the eye movement periods. 

All the stage 1 EEG variations accom- 
panying eye movements were also seen during 
the stage 1 EEG at the initial onset of sleep. 
The only distinction was that at the sleep 
onset the different patterns of the stage 1 
classification appeared in a fairly orderly se- 
quence as part of a steady progression from 
a waking EKG to deeper stages, whereas, dur- 
ing eye movement periods the stage 1 level 
was maintained for lengthy intervals, and 
variations within the stage occurred more or 
less at random. 

The eye movement periods and sleep onset 
accounted for nearly all the stage 1 patterns. 
The only other times that they appeared in 
the records were: (a) following the cessa- 
tion of eye movement periods but progressing 
quickly to stage 2; (b) often following large 
body movements for a few ‘seconds; and (c) 
during the return to sleep after occasional 
brief spontaneous awakening. Of course, 
when the body movement or brief awakening 
occurred at a time when an eye movement 
period was about due, the stage 1 EEG could 
persist if rapid eye movements actually ap- 
peared. With the above exceptions, the in- 
terspersed periods of ocular quiescence were 
always associated with the ‘‘deeper’’ stages, 
2, 3, and 4. 

As the rapid eye movement periods oc- 
curred at regular intervals, so the EEG dur- 
ing the night showed a regular and conco- 
mitant variation. These regular sequences of 
variation were termed cycles. The definition 
of the first cycle was from the onset of sleep 
to the end of the first eye movement period, 
the second cycle was from the end of the first 
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eye movement period to the end of the second 
and so on throughout the night. 

The usual sequence was that after the onset 
of sleep, the EEG progressed fairly rapidly to 
stage 4 which persisted for varying amounts 
of time, generally about 30 min., and then a 
‘‘lightening’’ took place. While the progres- 
sion from wakefulness to stage 4 at the be- 
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period ended, the EEG again progressed 
through a continuum of change to stage 3 or 
4 which persisted for a time and then lighten- 
ed often abruptly with body movement to 
stage 2 which again gave way to stage 1 and 
the second rapid eye movement period. This 
eyclic variation in, the EEG recurred re- 
peatedly throughout the night. The slowest, 
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Fig. 2 
EEG samples from two subjects to illustrate the classification of patterns and some of the 
variations in the stage 1 category associated with rapid eye movements. In the waking and 
stage 1 samples, each group of three tracings, F — frontal, P — parietal, O — occipital, is 
simultaneous. All samples were taken from one night’s recordings. 


ginning of the cycle was almost invariably 
through a continuum of change, the ‘‘lighten- 
ing’’ was usually quite abrupt and coincident 
with a body movement or series of body move- 
ments. After the termination of stage 4, there 
was generally a short period of stage 2 or 3 
which gave way to stage 1 and rapid eye 
movements. When the first eye movement 


highest voltage waves were usually seen in 
the first cycle and stages 3 and 4 were only 
occasionally reached during cycles following 
the second. As a rule, cycles after the second 
were characterized by a progression only to 
stage 2 which persisted until the next eye 
movement period and stage 1. However, this 
was partly an artifact of the EEG categoriza- 
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tion since even in these cases there was ob- 
viously a progression to a ‘‘deeper’’ stage ? 
and then a change to a ‘‘lighter’’ stage 2 
before the onset of stage 1. There were, of 
course, many irregularities in the smooth 
sequence of events just described. Upward 
changes in the EEG often occurred in the 
middle of the cycles concomitant with body 
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the interpretation that the mechanism usually 
inducing the upward change to stage 1 was 
not active enough to get beyond stage 2. This 
occurred about 20 per cent of the time in this 
series of experiments. Eye movements never 
failed to appear, however, toward the end 
of the second cycle. Figure 3 shows examples 
of the EEG plotted continuously in several 


HOURS 
Fig. 3 


Continuous plotting of the EEG patterns for three representative nights. 
The thick bars immediately above the EEG lines indicate periods during 
which rapid eye movements were seen. The vertical lines below stand for 
body movements. The longer vertical lines indicate major movements, 
changes in position of the whole body, and the shorter lines represent minor 
movements. The arrows indicate both the end of one EEG cycle and the 


beginning of the next. 


movement only to settle back to the previous 
level. 

Occasionally, when the upward change of 
the first cycle occurred, it reached a very light 
stage 2 which persisted for many minutes 
without giving way to stage 1 and rapid 
eye movements and then deepened again to 
stage 3 or 4. When this happened, the middle 
of the period of the stage 2 EEG was con- 
sidered to be the end of the first cycle with 


subjects for a night’s sleep. Successive be- 
ginnings of what have been designated cycles 
are indicated by arrows. Eye movements are 
represented by thick bars and body movements 
by vertical lines. In this type of plotting gra- 
dual change through a continuum cannot be 
shown. When the EEG was judged to have 
reached a different stage an abrupt change 
was made on the graph. 

The distribution of the occurrence of 
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spontaneous ‘‘K’’ complexes showed interest- 
ing peculiarities. As has been observed by 
others (Davis et al. 1939), this wave form 
appeared most frequently during periods of 
a low voltage spindling EEG. However, it 
was generally of greater amplitude and more 
frequent during the stage 2 EEG preceeding 
an eye movement period than following. In 
fact, the stage 2 EEG following eye move- 
ment periods was often devoid of ‘‘K’’ com- 
plexes. 

C. Body Movement. Body movements 
occurring during sleep were grouped into 
two categories, major movements and minor 
movements. The former were any movement 
resulting in a change in position of the whole 
body and the latter included any other de- 
tectable movement, usually stirrings and 
limb movements. In general, each type of 
movement simultaneously gave characteristic 
deflections on the motility recorder and arti- 
facts on the KEG. However, small limb move- 
ments often appeared only on the motility re- 
corder and chewing, sucking, and small head 
movements appeared only as EEG artifact. 

During EEG stages 3 and 4, major move- 
ments were invariably accompanied by an 
upward EEG change which persisted for at 
least a minute or two and, as has been stated, 
often represented the upward swing of a 
cycle. Minor movements were frequently, but 
not always, accompanied by upward EEG 
changes. During stage 2, major movements 
usually resulted in a fleeting appearance of 
stage 1 or waking EEG while minor move- 
ments caused little apparent change and were 
usually followed by an immediate reappear- 
ance of spindling. 

Figure 4A illustrates the cyclic variations 
in EEG, incidence of rapid eye movements, 
and incidence of body motility and their in- 
terrelations. The EEG stages, incidence of 
rapid eye movements and body motility dur- 
ing each successive 6 min. period after the 
onset of sleep were added and averaged for 
all 71 nights. Even without complete control 
over certain factors that might have disturbed 
the sleep pattern, such as the chance oc- 
eurrence of excessive noise outside the build- 
ing, and environmental temperature and 
humidity changes, a cleareut, regular, cyclic 
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variation in EEG and eye movements was 
seen for the group with the peaks of eye 
movement related to the peaks of the EEG 
eycle. A concomitant variation in body mo- 
tility is suggested. 

Since the cycle lengths tended to vary 
with the subject, the lining up of all the 
nights in terms of the sleep onset resulted 
in a considerable amount of phase inter- 
ference between individual cycles especially 
in the latter portions of the composite histo- 
eram. This effect is eliminated in figure 4B 
which brings the interrelationships into 
clearer focus by breaking up the graph into 
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(A) Composite histogram of mean EEG, eye movement 
incidence, and body motility incidence including 71 
nights of sleep data from 33 subjects. The top curve 
was obtained by adding up the numerical values in 
terms of the EEG stages 1 through 4 for each suc- 
cessive 6 min. interval after the onset of sleep and 
dividing by 71. In the middle curve, the numbers of 
minutes of eye movement in each successive 6 min. 
interval were added for the 71 nights. If every night 
had showed 6 full minutes of eye movement in the 
same interval, a 100 per cent incidence would have 
been attained. The third curve is average incidence 
of body movement in arbitrary units. A major move- 
ment equalled 2 units and a minor movement, 1. 


(B) This graph is the same as A except that the ¢ 
min. intervals are oriented in terms of the begin- 
nings of successive cycles instead of the initial sleep 
onset. This reduces the effect of temporal dispersion 
and further shows that there are no eye movements 
pack considerable time after the beginning of 2 new 
cycle. 
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individual cycles, that is, placing the _ be- 
ginnings of all subsequent cycles at the same 
place so that the start of the graph of the 
2nd cycle contains the beginnings of all the 
individual 2nd cycles regardless of where 
they occurred in relation to the initial onset 
of sleep and likewise for the 3rd and 4th 
eyeles. In addition to a more sharply 
defined EEG-eye movement relationship, it 
now can be clearly seen that the incidence 
of gross body motility also undergoes a cyclic 
variation. 

The fact that the mean incidence of gross 
body movement seems to rise to a peak con- 
ecomitant with the EEG peak in figure 4B is 
somewhat misleading. During the actual ex- 
periments it was seen that rapid eye move- 
ment periods often started immediately after 
a series of body movements and that a body 
movement often coincided with their termina- 
tion while the sleeper seemed relatively quiet 
during the eye movement period itself. A 
graph of the incidence of body motility with 
reference to the onset and termination of eye 
movement periods was made (figure 5) and 
it was seen that the incidence rose to a peak, 
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A composite histogram of the incidence of body 
movement in terms of the onset and termination of 
rapid eye movement periods. It brings into clear 
focus the tendency of body movement to increase up 
to the beginning of eye movements at which point it 
decreases sharply and rebounds at the end of the 
period of eye activity. Since the eye movement periods 
were of widely varying lengths, two separate histo- 
grams were necessary. Data from 198 eye movement 
periods is included. Remembering that eye movements 
and stage 1 EEG were concomitant, the graph also 
indicates that more body movements occurred while a 
stage 2 EEG was present than a stage 1. 


dropped sharply at the onset of eye move- 
ments, and rebounded abruptly as the ocular 
activity ceased. 

On seven nights, the experimenter sat 
near the bed and watched the _ subjects 
throughout the entire night with the aid of a 
dim light, making notations of the occurrence 
and quality of the body movements and their 
duration. These observations confirmed what 
has been stated, but in addition, it was noticed 
that during rapid eye movement periods 
numerous very small distal limb and digital 
movements occurred which did not register on 
either the EEG as artifacts or the motility 
recorder as deflections. Thus, although gross 
body and limb movements were decreased 
during rapid eye movement periods, there 
seemed to be a unique increase in very fine 
movements which were almost entirely ab- 
sent during the interspersed periods of 
ocular quiescence. 


II. Stage 1 EEG without eye movements. 


It was mentioned previously that no rapid 
eye movements were seen during the onset 
of sleep when the EEG passed through stage 
1 in going from the patterns of full wake- 
fulness to the spindle and delta stages, 
although this stage 1 EEG seemed to be 
identical with those occurring later in the 
night concomitant with actual eye movements. 
Since the later stage 1 patterns are apparently 
associated with dreaming (Dément and Kleit- 
man 1957), it seemed desirable to investigate 
the stage 1 EEG at the sleep onset with 
regard to dream activity in spite of the lack 
of rapid eye movements. 


Ten subjects were awakened a total of 50 
times by a buzzer while the EEG showed 
patterns within the range encompassed by the 
eategory, stage 1, during the initial onset of 
sleep and in addition, were occasionally 
awakened during rapid eye movement periods 
later in the night. They were asked to give 
their impressions of what had been in their 
minds before the awakenings and, if possible, 
to differentiate between the state of mind 
preceding the early versus the later awaken- 
ings. 

In all cases, the subjects felt that, although 
the mental content during the onset of sleep 
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was often ‘‘dream-like’’, it was distinctly 
different from an actual dream. They invar- 
iably stated that they were not asleep and 
that the mental imagery was not as organized 
or ‘‘real’’ as that occurring in dreams. A 
variety of images and sensations were de- 
scribed that might be called hypnagogic, such 
as ‘‘floating’’, ‘‘drifting’’, ‘‘flashing lights’’, 
ete. The later eye movement, stage 1, awaken- 


tained, the intensity was. raised slightly and 
the stimulus was repeated after one minute 
had elapsed. This procedure was continued 
until the subject responded. Intensity was 
calibrated in terms of voltage across the 
loudspeaker. 

A total of 32 responses was obtained from 
the 10 subjects during the stage 1 EEG at the 
onset of sleep and 26 responses were elicited 
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The regularity of rapid eye movement periods over a number of nights 
in 4 individual subjects (A-D). Each bar represents a single eye movement 
period and each horizontal line of bars, a single night. The open bars in 
C and D stand for periods of stage 2 EEG which represent the peak of 
the first sleep cycle. Composite histograms of eye movement incidence for 
each individual are placed below the group of nights to which they refer. 
In general, these histograms show the cyclic variation more clearly than 
figure 4A, i.e. individuals seem to be more regular than the group as 


a whole. 


ings generally elicited dream recall and the 
impression of having been ‘‘really asleep’’. 

A further test of the difference between 
the two phases was done by examining the 
auditory thresholds necessary to elicit a re- 
sponse from the subjects. The stimulus was 
a 1000 cycle tone sounded for 10 sec. and 
the response was clenching the jaw 3 times 
which gave easily identified muscle potentials 
in the EEG record. If no response was ob- 


during the stage 1 EEG periods accompanying 
eye movements later in the night. The thresh- 
old ranged from 0.1-0.4 V. at the sleep onset 
and 1.0-1.8 for the later awakenings. The 
difference of the means was significant at 
the p<.001 level. Further attesting to the 
significance of this difference was the fact 
that the stage 1 EEG at the sleep onset was 
always allowed to progress to a complete 
disappearance of alpha rhythm while the 
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EEG at the time of the stimulus during rapid 
eye movement periods often contained con- 
siderable amounts of alpha activity. 


III. Individual differences 
sleep. 

Four subjects were further studied for 
from 12 to 16 nights per subject in a third 
group of experiments to obtain some informa- 
tion regarding individual differences. 

Figure 6, A-D, shows the durations and 
patterns of occurrence of eye movement 
periods for each night in the 4 subjects, 
together with a composite histogram of overall 
incidence of eye movement for each indi- 
vidual. The bars which indicate eye move- 
ment periods also, of course, represent periods 
of stage 1 EEG. 

Certain individual characteristics and 
differences were apparent. Two subjects (6A 
and 6D) showed a striking regularity in the 
pattern of occurrence from night to night, 
while the other two were less consistent, 
especially 6C. Apparently the actual time at 
which they went to sleep was not important 
since for the former two it ranged irregularly 
over about 3 hours and oddly enough, for the 
latter two it was at nearly the same time 
every night. One subject (6D) was unique 
in that rapid eye movements never appeared 
during the first ‘‘lightening’’ or upswing of 
the EEG cycle. The persisting periods of 
stage 2 representing the first peak in this 
subject are indicated by open bars. The 
average cycle lengths varied somewhat, being 
longest in 6A and shortest in 6D. The sub- 
ject illustrated in 6C seemed to have short 
eycles in the first half of the night and long 
ones in the second half, but this may have 
been at least partially an artifact of his ir- 
regularity. The average duration of eye 
movement periods was greatest in 6A and 
least in 6B. In general, it appeared that in- 
dividual subjects were somewhat more regular 
than the group as a whole. 


DISCUSSION 


Regularly occurring periods of rapid, con- 
jugate eye movements were recorded without 
exception during each of 126 nights of undis- 
turbed sleep. The periods of eye movements 
were invariably concomitant with a char- 


in normal 


acteristic EEG pattern, stage 1, while the 
interspersed periods of ocular quiescence al- 
ways showed ‘‘deeper’’ patterns, stages 2, 3, 
and 4. The same results were obtained in 
an additionel 20 nights during which sleep 
was interrupted for the determination of 
auditory threshold and the presence of dream 
recall. The composite EEG for 71 nights 
from 33 subjects showed a regular cyclic 
variation with a period of about 90-100 min. 
and the regularity was even more striking 
when studied in terms of individual subjects. 

This cyclic variation was reported in a 
preliminary communication (Dement and 
Kleitman 1955) after the accumulation of 43 
nights of recording from 16 subjects. It 
should be mentioned that the composite histo- 
grams of EEG and incidence of eye move- 
ments for 43 nights were quite similar to 
those shown in figure 4 for 71 nights. The 
inclusion of 28 nights’ data from 17 addi- 
tional subjects did not significantly alter the 
eurves and it is likely that a further aceu- 
mulation of recordings would add little to the 
results. 

The basic mechanism of such a regular 
occurrence of eye movements (dreaming) and 
associated EEG variation is unknown. How- 
ever, its prototype may exist in infants (Ase- 
rinsky and Kleitman 1955) as an observed 
rest-activity cycle during sleep with a period 
of approximately 60 min. The greater cycle 
length seen in adults resembles the length- 
ening of other physiological cycles, i.e. cardiac 
and respiratory, and may be related to their 
lower basal metabolic rate. In any ease, the 
regularity and apparent universality of this 
sleep cycle in adults indicate that it is an 
intrinsic part of the sleep pattern rather than 
a result of external disturbance. 

A close perusal of the all-night EEG 
graphs published by Loomis et al. (1987), 
Knott et al. (1939), and Diaz-Guerrero et al. 
(1946) reveals a tendency toward this type 
of cyclic variation. Henry (1941) found that 
20 per cent of the EEG during a night’s sleep 
was occupied by a low voltage pattern which 
is almost identical with the percentage of 
stage 1 found in this study. It seems possible 
that sampling techniques rather than con- 
tinuous recording, miscategorization of the 
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CYCLIC VARIATIONS IN EEG DURING SLEEP 


EEG due to eye movement potentials appear- 
ing in brain wave leads, and disturbances of 
the subjects may have been responsible for 
these authors not noting the marked reg- 
ularity described here. Long periods of low 
voltage EEG ealled ‘‘null’’ by Blake and 
Gerard (1937) and ‘‘early morning sleep’’ 
by Gibbs (1950) probably represent the 
lengthy rapid eye movement periods often 
occurring toward the end of the sleep period. 
It is also gratifying to note that Brooks e al. 
(1956) have recently published graphs of the 
mean EEG showing cyclic variations in depth 
of sleep that are similar to the results pre- 
viously reported by us (Dement and Kleitman 
1955) and further extended in this paper. 

In the study of rapid eye movements and 
dreaming (Dement and Kleitman 1957) it 
was suggested that eye movements should be 
the criterion of the presence or absence of 
dreaming and they were used as such in 
this study.- However, it should be pointed 
out that the EEG is actually a better criterion. 
Thus, with the exception of the initial onset 
of sleep, a persisting stage 1, non-spindling 
EEG seems to be invariably concomitant with 
dreaming while the amount of eye movement 
may be large or small depending on the 
actual imagery of the dream. 


As stated, the only significant occurrence 
of stage 1 EEG patterns not accompanied 
by rapid eye movements was found at the 
onset of sleep. However, the auditory thresh- 
olds were still quite low at these times, and 
awakenings elicited descriptions of what may 
be called hypnagogic reveries and the feeling 
of being still awake. On the other hand, the 
stage 1 periods later in the night were in- 
variably associated with eye movements, 
raised auditory thresholds, dream recall, and 
the feeling of having been ‘‘really asleep’’. 
The difference probably has to do in part with 
a persisting awareness of being awake in the 
former case, whereas the dream periods gen- 
erally followed an interval of deeper sleep 
and thus the sleepers had no such cue to tell 
them the dream hallucinations were not real. 
They therefore behaved as though they were 
real, at least to the extent of executing ap- 
propriate eye movements. The raised audi- 


tory thresholds may have meant either that 
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the subjects were too engrossed in the dream 
content to notice outside stimuli, or an actual 
difference in auditory excitability. 

The incidence of stage 1 EEG patterns and 
rapid eye movements during undisturbed all 
night sleep and the quantity of dream recall 
obtained by awakening subjects during these 
periods (Dement and Kleitman 1957) sug- 
gests the normal occurrence of a much greater 
amount of dreaming than was heretofore 
realized, both in the invariability of its pre- 
sence from night to night and in its frequency 
and duration in a single night. Previous 
estimates of incidence of dreaming, which 
were generally based on recall obtained after 
morning awakenings, have varied from once 
a night to almost never (Ramsey 1953). In 
contrast, as many as 5 or 6 lengthy dreams 
have been frequently described after awaken- 
ings during eye movement periods even by 
subjects who ‘previously stated that they 
‘‘never dreamed’’. 

It is apparent then that most of the dream 
experience in normal sleep is never recalled. 
That which is recalled can probably be ac- 
counted for by the fortuitous interruption of 
dreaming, as for instance when the alarm 
elock goes off in the morning. It should he 
noted from the incidence of rapid eye move- 
ments later in the night (fig. 4) that the 
chances of the alarm clock interrupting a 
dream are very good. The level of conscious- 
ness represented by dreaming would thus 
seem to be associated with a very short 
memory span, perhaps in some way analogous 
to that seen in very young children and in 
old people, who often have difficulty in re- 
calling recent events. In some _ instances, 
even when the dream content was reported 
clearly and coherently after an awakening 
during an eye movement period, a re-descrip- 
tion in the morning was fragmentary and 
distorted. 

Several points of interest are seen when 
the results of the earlier study where sub- 
jects were awakened to elicit dream recall 
(Dement and Kleitman 1957) are compared 
to the results of this study on uninterrupted 
sleep. In the earlier study, subjects were 
awakened an average of 6 times a night or 
about once an hour. The main effect of these 
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awakenings was a more frequent occurrence 
of eye movement periods. This was clearly 
seen in one subject who served in both the 
earlier study and this one. As illustrated in 
figure 6A, he showed an average of about 
one eye movement period every 110 min. 
When his sleep was interrupted, he averaged 
one eye movement period every 70 min. over 
11 nights. This reduction in eycle length 
seemed to be due to the artificial termination 
of the eye movement periods by an awaken- 
ing when their duration was much less than 
their average in undisturbed sleep. 


As a rule, eye movements did not im- 
mediately recur upon the return to sleep. 
In 191 awakenings during eye movement 
periods in the earlier study, there were only 
16 instanees of recurrence. Interestingly 
enough, 12 of the 16 were preceded by 1-5 
min. of stage 2 sleep without eye movements, 
and 9 of the 16 were occasions when the sub- 
jects were unable to remember dreams and 
thus only had to say, ‘‘I don’t remember’’, 
before going back to sleep. Furthermore, it 
was noted in the part of this study concerning 
auditory thresholds, where the subjects had 
only to clench their jaws three times, that 
eye movements recurred much more often, 
about 50 per cent of the time. It seemed that 
when the subjects had to awaken fully and 
describe a dream, the return to sleep generally 
was more like the initial sleep onset and a 
new cycle was initiated, whereas a brief or 
‘‘nartial’? awakening often allowed the eye 
movements to continue. Awakenings during 
the interspersed periods of ocular quiescence 
seemed to have little effect, in that eye move- 
ments neither started on the return to sleep 
nor was the time of onset of the next eye move- 
ment period markedly changed from what 
would have been expected in the absence of an 
awakening. One explanation for this minimal 
effect could be that ocular quiescence was 
concomitant with deeper sleep (EEG stages 
2, 3, and 4) and since the inability to recall 
dreams meant a relatively short period of 
wakefulness, the subjects were able to re- 
turn to the deeper levels of sleep without 
disturbing the cycle pattern. 

The deepest sleep in terms of EEG 
patterns was usually seen in the first hour and 
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nearly all the high voltage delta activity oc- 
curred in the first three hours. This parallels 
depth of sleep curves in terms of eye move- 
ment incidence, auditory arousal threshold 
(Blake and Gerard 1937), and in a general 
way, body motility, but not curves in terms of 
heart rate, skin resistence, and body tempera- 
ture (Kleitman 1939). Also, body motility 
incidence did not consistently parallel the 
brain wave patterns in this study. Although 
it was lowest during stage 4, more movements 
were actually initiated in the presence of 
stage 2 patterns than during stage 1. Depth 
of sleep would seem to be a rather elusive 
characteristic which differs according to the 
specific variable used to describe it. 


EEG and Consciousness. One of the most 
intriguing properties of the electroencephalo- 
gram has been the close correlation of some of 
its characteristic patterns with certain fune- 
tional states of the organism. It has always 
been hoped that clarification of the mech- 
anisms producing these patterns would yield 
insight into the neural basis of the functional 
states with which they are associated. An 
example in which these hopes have been at 
least partially realized can be seen in recent 
work on the brain stem activating system. 
Since stimulation of the reticular formation 
was found to elicit an EEG pattern associated 
with the waking state, while its ablation gave 
patterns generally associated with somno- 
lence, the system was said to function in main- 
taining wakefulness. Without the correlation 
of EEG pattern and functional state, such 
a conclusion could not have been made. 

One would lke to use the EEG in a 
similar way to aid in defining the neural basis 
of consciousness. Of course, this immediately 
presents the very difficult problem of for- 
mulating an adequate definition of ‘‘con- 
sciousness’’. In the past, this obstacle has 
often been side-stepped by equating con- 
sciousness with wakefulness and unconscious- 
ness with sleep. In addition to avoiding se- 
mantic entanglement, this device would seem 
to afford the advantage of conveniently re- 
lating levels of consciousness at least grossly 
to brain wave patterns. However, such a 
definition is in reality of little value because 
it tends to result in mere repetitious dis- 
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eussion of what is known about the neural 
basis of wakefulness, substituting for it the 
word ‘‘consciousness’’. 

It should be noted that sleep and wake- 
fulness, as states, can be objectively observed 
and to some extent measured. They can be 
compared and contrasted, and they can 
usually be distinguished from each other by 
simple inspection. In consciousness, on the 
other hand, the sleep-wakefulness dichotomy 
is absent. There is only one state whose 
eriteria are mainly subjective, though partly 
objective, as the observer is able to make 
some inferences. One may omit the use of the 
term unconsciousness and merely refer to 
levels of consciousness varying from zero to 
a high level, depending upon the communi- 
eations and performance of the individual. 

Even with a very simple description of 
consciousness, i.e. the ability to analyze, inte- 
erate, and subsequently recall experience, it 
is obvious that a high level of consciousness 
is not always limited to wakefulness, nor does 
sleep always imply a very low or zero level 
of consciousness. 

New-born infants, anencephalous children, 
and decorticate dogs or cats may exhibit wake- 
fulness, but their level of consciousness is 
close to, if’not at, zero. In delirium, fugues, 
icteral or post-icteral automatism of psycho- 
motor epilepsy, a person may be judged to be 
behaviorally awake, but his level of con- 
sciousness is very low. 


Of course, the above examples are special 
cases, but the converse, consciousness during 
frank sleep as represented by the level of 
analysis, integration, visual imagery, and sub- 
sequent recall seen during dreaming, is vir- 
tually universal and quite normal. Since 
dreaming in the past was said to occur during 
all the EEG levels of sleep, one had to con- 
elude that at least in sleep there was no parti- 
cular relation between brain wave patterns 
and consciousness, and that the neural fune- 
tioning, whatever it might be, underlying the 
production of spindles and high voltage slow 
waves, as well as low voltage patterns, was 
compatible with this degree of mental activity. 

That this lack of relation between brain 
waves and consciousness, as represented by 
dreaming, is not the true picture seems clearly 
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indicated by this study. It was seen that the 
rapid eye movements during sleep, which al- 
most certainly are concomitant with dream- 
ing, occurred when, and only when, the EEG 
was ‘‘above’’ the spindling stage — that 
they were uniquely associated with a stage 1 
EEG. Consequently, whatever its level 
during dreaming, consciousness ceases or at 
least falls below this level, in the normal 
course of events, when spindling appears in 
the EEG. 

The hypnagogie reveries in falling asleep 
also apparently cease when the EEG reaches 
the spindling stage. Davis et al. (1938), in 
several hundred awakenings, elicited all sorts 
of reports of images and sensations from sub- 
jects whose EEG patterns had not progressed 
beyond their ‘‘B’’ stage, but when the ‘‘C’’ 
stage (spindling) appeared, awakenings no 
longer elicited hypnagogic recall and subjects 
said they were ‘‘really asleep’’. These find- 
ings were confirmed in this study. 

With dreaming and hypnagogic reverie 
assigned to a definite EEG stage, there exists 
at least a fairly consistent relation between 
the EEG and levels of consciousness and it 
becomes possible to undertake the second step 
of considering the neural origin of these pat- 
terns as representing the basis of conscious- 
ness itself. 

An examination of the mechanism of 
spindling would seem to be the most fruitful 
point of departure. In the first place, the 
appearance of sleep spindles represents a 
rather sharp, all-or-nothing type of brain 
wave change. They are either present with 
a wide distribution and a characteristic fre- 
queney and wave form (although there are 
topographical differences in frequency) or 
they are not seen at all. Secondly, their ap- 
pearance or disappearance appears to be asso- 
ciated with a sharp change in the level of 
consciousness. 


Although no completely satisfactory ex- 
planation has been extended for the mech- 
anism of sleep spindles, it seems to be 
generally agreed that the integrity of certain 
subcortical structures is necessary. Spind- 
ling was found to be suppressed in humans 
after subcortical vascular accidents (Cress 
and Gibbs 1948) and prefrontal lobotomy 
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(Lennox and Coolidge 1949, Krueger and 
Wayne 1952), and in a patient with thalamic 
syndrome (Henriksen, Grossman and Merlis 
1949). Subecortical lesions in cats (Knott and 
Ingram 1951) also seem to disrupt the ap- 
pearance of spindle patterns. If barbiturate 
bursts and recruiting responses are considered 
analogous to normal sleep spindles rather 
than alpha rhythm, as is suggested by Ralston 
and Ajmone-Marsan (1956), then the role of 
the thalamus becomes very compelling. 

It should be pointed out that even though 
the spindles may represent the synchronous 
activity and influence on the cortex of a 
diffuse thalamo-cortical system, disturbance 
of the pattern does not necessarily imply that 
the system has been totally destroyed nor that 
it is completely functionally incapacitated. 
That several similar systems exist together, 
in humans at least, was indicated by Lennox 
and Coolidge (1949) who found that pre- 
frontal lobotomy with probable subsequent 
degeneration of nucleus centralis medialis 
of the thalamus only affected the frontal 
12/see. spindles and left 14/see. spindles un- 
impaired in both parietal and frontal regions. 
Thus, although the spindle patterns might be 
disturbed, it would probably take far larger 
lesions to totally destroy the systems that 
produce them, and such lesions would pro- 
bably be incompatible with consciousness. 

Some sort of diffuse diencephalic-cortical 
integrating system has been hypothesized by 
Penfield (1938, 1952) as a necessary compo- 
nent of conscious activity. If the synchronous 
patterns of spindling may be said to represent 
functional inactivity in such a system, as- 
suming that during mental processes neural 
activity is essentially random, then the rela- 
tion of the spindle patterns to consciousness 
becomes neurologically meaningful. That the 
waking EEG lacks spindles and is usually cor- 
related with a high level of consciousness is 
well established. The results in this paper 
indicate that all periods of non-spindling 
EEG during sleep are also correlated with 
consciousness either as dreaming or hypna- 
gogic reveries. The appearance of spindling 
signals a drop in the level of consciousness 
and is concomitant with functional inactivity 


(i.e. synehronicity) of a diffuse subcortical- 
cortical integrating system. 

The mere appearance of synchronous waves 
in the cortex by itself, however, certainly 
does not necessarily mean functional in- 
activity. A synchronous, persistent alpha 
rhythm may be present during very complex 
mental activities. The waves at the cortex 
more probably represent variations in mem- 
brane potentials, possibly in the dendritic 
layers, rather than synchronicity of actual 
nerve impulses. However, if the waves are 
due to subcortical influences, then there is 
almost certainly a synchronicity in nerve im- 
pulses ascending to the cortex. Thus, the pre- 
sence of regular variations in cortical po- 
tential, as in alpha rhythm, may influence 
but not necessarily hamper the random flow 
of nerve impulses during thinking, whereas 
synchronous barrages of nerve impulses in 
diffuse projection systems might mean that 
the neural elements are unavailable for the 
essentially random firing of high level inte- 
gration. It might be added that since there 
is no evidence of any consciousness during 
the deepest stages of sleep characterized by 
predominance of 1-2 sec., high voltage waves, 
the relative lack of spindling at this time is 
more likely a further depression of these sys- 
tems rather than their activation. 


The brain stem activating system is also 
very probably involved in producing the 
periods of rapid eye movement. Certainly 
the stage 1, low voltage EEG seen during 
these periods is at least partially ‘‘activated’’. 
The regions of the brain stem that produce 
activation of the EEG in animals apparently 
include both the bulbar ventromedial inhibi- 
tory (Moruzzi and Magoun 1949) and fa- 
cilatory (French, von Amerongen and Ma- 
goun 1952) reticular areas of Rhines and Ma- 
goun (1946) and Magoun and Rhines (1946). 
In this study, it was seen that the incidence of 
eross body movement was decreased during 
rapid eye movement periods. This may mean 
that mainly the inhibitory area was active at 
these times. A teleological basis might be that 
the dreamer is fixed or arrested by his pre- 
occupation in the dream picture, analogous 
to the way one is held in motionless fascina- 
tion by an exciting movie. Of course, it does 
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not account for the objective stillness of the 
dreamer when he is executing some violent 
movement in the dream, such as running, 
fighting, ete. 

It appears to be possible in certain cases 
to produce a dissociation between the EEG 
and objective behavior. Wikler (1952) found 
after injection of atropine in dogs that the 
animals ‘‘were definitely ‘excited’ and had 
to be restrained to permit recording, at a time 
when the ‘sleep patterns’ were evident-in the 


EEG tracing’’, and Rinaldi and Himwich — 


(1955) saw stable sleep patterns in curarized, 
atropinized rabbits even during apparent 
behavioral arousal. There is also one report 
in the literature (Hamoen 1954) of sleep 
patterns including spindles occurring in 6 
behaviorally awake humans suffering from 
narcolepsy, epilepsy, trauma, and schizo. 
phrenia. 

On the other hand, patterns very nearly 
resembling those generally associated with 
full wakefulness, called ‘‘drowsy’’ patterns by 
Gibbs (1950), ‘‘transitional’’ by Simon and 
Emmons (1956), and ‘‘stage 1’’ in this paper, 
are seen at the onset of sleep, and also during 
the frank behavioral sleep with raised audi- 
tory threshold associated with dreaming. In 
addition, EEG patterns virtually indis- 
tinguishable from waking patterns have been 
observed to occur periodically in tracings 
taken in this laboratory from cats during a 
lengthy interval of normal, unsedated sleep. 


Thus, as has been pointed out, con- 
ciousness may vary independently of sleep- 
wakefulness behavior, and likewise, EEG 
patterns may be in some eases dissociated from 
behavioral sleep and wakefulness. A _ con- 
sistent parallelism between levels of con- 
ciousness and EEG patterns is difficult to 
establish but may exist. In at least three 
qualitatively similar mental states, the EEG 
appears to be identical. One, dreaming, is 
seen during frank behavioral sleep. Another 
is represented by the hypnagogic reveries oc- 
curring in the transition between sleep and 
wakefulness. The third is from the very 
interesting McGill ‘‘boredom’’ studies (Heron 
1957) where subjects showed the appearance 
of minimal slow wave activity and a slight 
decrease in the frequency spectrum of alpha 


rhythm while awake but mentally disorganiz- 
ed and actively hallucinating. These EEG 
changes would seem to resemble those describ- 
ed in this paper as characteristically asso- 
ciated with dreaming. An even lower level 
of consciousness probably existed in the wake- 
ful, atropinized animals showing sleep EEG 
patterns. In view of these considerations, it 
would appear that behavioral criteria should 
take precedence in determining the presence 
of sleep or wakefulness, whereas the electro- 
encephalogram may be more closely related 
to levels of consciousness. . 


SUMMARY 


In 33 adults, discrete periods of rapid eye 
movement potentials were recorded without 
exception during each of 126 nights of un- 
disturbed sleep. These periods were invariably 
concomitant with a characteristic EEG pat- 
tern, stage 1. 

Composite histograms revealed that the 
mean EEG, eye movement incidence, and 
body movement incidence underwent regular 
cyclic variations throughout the night with 
the peaks of eye and body movement coincid- 
ing with the lightest phase of the EEG cycles. 
A further analysis indicated that body move- 
ment, after rising to a peak, dropped sharply 
at the onset of rapid eye movements and re- 
bounded abruptly as the eye movements 
ceased. 

Records from a large number of nights 
in single individuals indicated that some could 
maintain a very striking regularity in their 
sleep pattern from night to night. 

The stage 1 EEG at the onset of sleep was 
never associated with rapid eye movements 
and was also characterized by a lower auditory 
threshold than the later periods of stage 1. 
No dreams were recalled after awakenings 
during the sleep onset stage 1, only hypnago- 
gic reveries. 
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INTRODUCTION 

Lambda waves were first reported by 
Evans in 1949 (1952, 1953). He found that 
the waves were enhanced by pattern vision 
and disappeared on eye fixation. They were 
also described by H. and Y. Gastaut (Y. Gas- 
taut 1951; Gastaut et al. 1951), and the find- 
ings verified by Cobb and Pampiglione (1952). 
Roth and Green (1953) described lambda 
waves as a normal physiological phenomenon, 
which was not necessarily associated with any 
particular pathological condition, as had been 
previously suggested, but was enhanced when 
the eyes were making scanning movements 
over a patterned field. Also, some waves with 
the same shape and location as the lambda 
waves were found during a certain stage of 
sleep, usually at about the same stage that K- 
complexes could best be evoked: in deeper 
sleep these waves disappeared. This observa- 
tion is mentioned in a recent paper on the 
K-complex (Roth, Shaw and Green 1956). 
Green (1954) reported on lambda waves in 
relation to some visual tasks from a series of 
experiments using only normal subjects. In 
the same year H. Gastaut and Bert (1954) 
described lambda waves that appeared in their 
subjects during the showing of cinema films. 
Rémond and Lesévre (1956) have recently 
written about lambda waves in conjunction 
with picture tasks: these were seen using high 
gains and found in 61-99 per cent of their 
subjects. They mentioned that interest in the 
pictorial matter enhanced the appearance of 
these waves. Groethuysen and Bickford (1956) 
have made a study of lambda waves in various 
elinieal conditions. 

The first part of the study to be described 
here, undertaken in 1954, was made to try 


to elicit lambda waves by visual tasks with 


1 Present address: The Institute of Psychiatry, 
The Maudsley Hospital, Denmark Hill, London, 8, E. 5. 


controlled and voluntary eye movements using 
normal subjects. The second part of the paper, 
which refers to a recent investigation, is an 
attempt to find out more about the origin of 
the waves by comparing their waveform and 
latency with respect to eye movement (which 
was found to be a necessary, though not suf- 
ficient precursor of the wave), with known 
responses to peripheral stimulation. 
METHOD 


The complete study was made on 94 normal 
subjects, mainly consisting of medical and hos- 
pital staff and friends who volunteered for 
1-7 sessions lasting 14-2 hours each. The EEG 
was recorded in the conventional manner with 
the subject sitting comfortably in a well light- 
ed room. 

The technique of recording eye movements 
was that described by Bergman, Nathansen 
and Bender (1952). With this method, 2 chan- 
nels were used for horizontal eye movements 
by placing electrodes in series from the right 
external canthus to the bridge of the nose, 
thence to the left external canthus, and ar- 
ranged electrically, in our series, so that an 
eye movement to the left resulted in an up- 
ward pen deflection, and to the right in a 
downward deflection. Two channels were used 
for recording vertical eye movements with 
electrodes placed above and below each eye 
causing an upward pen deflection for looking 
up and a downward one on looking down 
(fig. 1). The example shows the EEG and 
the eye movements as recorded for 5 simple 
movements round a pattern of dots giving 
horizontal, vertical and oblique movements, to- 
gether with the appearance of a blink. It 
should be noted that these eye movements do 
not affect the occipital recordings. Because 
conventional C.R. coupled amplifiers were 
used, the size of the deflection was dependent 
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on the speed of the eye movement as well as RESULTS 

on the width of the angle. In some of the The findings in 1954 (Green 1954) may be 
earlier experiments, one channel recording’ briefly summarized as follows. Using data 
obliquely across one eye was substituted for from 65 subjects, it was found that detailed 
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Fig. 1 


Eye movement recordings. The arrows denote the direction of eye movements round a pattern 
of dots. The lower example shows the appearance of a blink. 


the 2 vertical eye movement channels, but in pictures capable of arousing interest provided 
the more recent work, 2 channels recording the best conditions for evoking lambda waves, 
horizontal and one channel recording vertical so long as the recording gain was equivalent to 
eye movements were used. at least 2 em. for 50 »V., and the subject was 
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sitting at ease in a reasonably good light. If 
the intensity of light was decreased, the ampli- 
tude of the waves also decreased, and they did 
not occur when the subject moved his eyes in 
darkness. Likewise, if the distance of the 
picture from the subject was increased or the 
image defocussed with the aid of glasses, the 
incidence and amplitude of the waves was les- 
sened. The type of picture, be it line black- 
and-white, charcoal or coloured, did not in- 
fluence the occurrence of the lambda waves 
provided that the person was sufficiently in- 
terested in the picture (fig. 2). A detailed 
picture enhanced the lambda waves very much 
more than reading. Rorschach cards, Matrices, 
Ishihara colour-blind tests, visuo-tactile tasks, 


An attempt was made to simplify the 
actual eye movements but at the same time to 
keep them under the voluntary control of the 
subject. This was done by making simple eye 
movements between 2 black spots on a white 
sheet, the subject looking first at one spot 
and then at the other, and then varying the 
distance between the spots; and secondly, 
altering the rate of movement of the eyes. This 
test was varied by using a number of spots 
so that different angles of eye movement were 
eaused. The same eye movements were also 
earried out over a large, plain white sheet of 
paper. 

Experiments were carried out in which 
the experimenter had control over the eye 


an 
w 


VERTICAL 
EVE MOVEWERTS 


Fig. 2 


Fading of lambda waves in a subject while looking at a picture he has seen about 12 times 
before. The subject commenced to look at the picture at the arrow. On the first occasion 
that he saw the picture, some four sessions previously, very good lambda waves appeared for 


2 min. 


jig-saw puzzles, after-image tests, reversing 
pictures and the like were not helpful in show- 
ing a consistent increase or decrease in the 
number of waves. 

Eye movement experiments included fol- 
lowing the line of a pattern that represented 
the movements the eyes might make in looking 
at a picture, or having a sheet of numbers 
that were arranged in a design, the subject 
having to proceed from 1-20, looking for the 
next number and so completing the pattern 
in the same way as the line design, but having 
to find the next number with the directional 
aid of an arrow instead of following the line. 
Various scanning eye movements were carried 
out over striped and partly striped surfaces, 
with different widths of stripe. 


movements. Coarse and fine nystagmus move- 
ments were induced by a revolving drum that 
had vertical stripes in black and white paint- 
ed on it, which was turned at various speeds 
and viewed directly or through a small window 
(fig. 3). The width of the stripes was varied, 
and sometimes the stripes appeared only on a 
section of the drum, the other part being plain 
white. 

The above tests all appeared to inhibit the 
incidence of lambda waves. Eye fixation also 
caused the waves to disappear both with the 
head still and on moving the head while 
keeping the eyes fixed on one point, or follow- 
ing the are of a small swinging object. 

The question arose as to whether the waves 
could be caused by a system for the suppres- 
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sion of unwanted images to avoid the blurring 
of sight, an explanation recently suggested 
by Gastaut (1956). However, no difference 
could be detected in the record when the 
stripes of the drum were visible as such, the 
drum being turned at low speeds, or when they 
became blurred and the nystagmus movement 
failed to keep up, upon turning the drum at 
high speeds. The lambda wave activity in 
both cases was suppressed. There was also no 
difference in the occurrence of the lambda 
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ments, such as following a pattern or search- 
ing for numbers, showed few lambda waves. 
For the new study now to be described the 
numbers of normal subjects have been in- 
creased by another 29 people, but for a few 
calculations some of the records that were 
comparable from the previous series have been 
utilized for the present study. The numbers of 
subjects have therefore been given each time. 
Using a sensitivity of 2 em. for 50 pV., the 
subject was given a suitably detailed picture 


Fig. 3 


A. The subject is reading. 
B 


. The subject is facing a vertically striped drum. At the arrow, the drum is turned and a 


nystagmus movement caused. 


C. The same drum is stationary and the subject making scanning eye movements across the 


stripes. 


phenomenon when reading from letters that 
had varied spacing; the period of any waves 
remained within the same limits, whether the 
letters were widely spaced or close together, 
and reading did not enhance the waves nearly 
as much as looking at a picture. Furthermore, 
certain visual tasks that caused eye move- 


to look at. It was found that lambda waves 
were seen with varying clearness in all of the 
42 normal subjects who did this test; 6 sub- 
jects showed the waves clearly with a lower 
gain. Of the 42 subjects, the lambda waves 
of 7 records were too poorly defined to be 
used for accurate measurement, chiefly be- 
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cause of masking by background activity. 
These records were discarded, but were count- 
ed in the overall totals: 8 more records, 
although used for measurements, were not very 
good. The resting EEGs showed an average 
selection of normal records with no marked 
trends as to type, using a normal working 
gain, but a detailed analysis was not under- 
taken. 

Following the line of thought of the pre- 
vious series, experiments were made in read- 
ing, through a mirror, writing and sketch 
copying, each test producing different types 
of eye movements. These tests did not pro- 
duce a marked inerease or decrease in the 
waves and most of the reading responses were 
difficult to measure as they appeared in a 
more rounded shape. There was no consistent 
change with reading silently or aloud, or with 
interruptions, as, for example, when the sub- 
ject had to tap a rhythm at intervals when a 
sound stimulus occurred whilst continuing to 
read aloud at the same time, although there 
was at times, an inconsistent temporary in- 
hibition of the waves. 

Experiments were also carried out with a 
tachistosecope to try to evaluate any correlation 
with perception, and recognition of the object. 
Fast and slow exposures were used in this trial, 
the subject looking at the window in one test, 
and to the side of the box in another so that 
an eye movement was hecessary with an 
alteration of focus when an object card was 
exposed. The cards shown had geometric 
drawings on them (e.g. a triangle with a line 
through it, a drawing of a watch face some- 
times placed upside down, or words such as 
‘‘colour photography’’ printed on 2 lines). 
To make quite sure of the degree of recog- 
nition as distinct from a guess, some of the 
words were altered or half inverted such as 
‘‘flogale nightence’’, which nobody got right, 
or ‘‘albrega mathatemies’’ which 2 people did 
get right using comparatively long exposures. 
The length of the exposure was marked elec- 
trically. Few clear lambda waves were evoked 
from the background activity and these did 
not appear to correlate with any other factor 
or measurement. 


Measurement of the Latency of Lambda Waves 
to Eye Movements. 


Since looking at a picture appeared to 
provide the most favourable condition for 
eliciting lambda waves, the next problem was 
to try to see if there were any consistent rela- 
tionship between spontaneous eye movement 
and the occurrence of lambda waves during 
this task. The method of eye recording was the 
same as that described above, using 3 eye 
movement channels, 2 recording the horizontal 
eye movement and one the vertical, with ampli- 
fier time constant 0.1 sec. and a sensitivity of 
1 cm. for 50 pV. The sensitivity of the 
channels recording the EEG was 2 em. for 
\0 nV. and the paper speed 61.5 mm. per see. 

The lambda wave latency to an eye move- 
ment was measured in the following way. A 
line was drawn vertically through the start of 
the clearest first occurring lambda wave 
irrespective of area, as determined by a com- 
parison of 5 channels (fig. 4). A measure- 
ment to 0.1 mm. corresponding to 1.63 msec. 
was then made of the interval from the line, 
to the beginning of the nearest deflection 
which preceded it in time, in any of the 3 eye 
movement channels. It seemed necessary to 
have at least 5 channels covering the occipito- 
parietal regions because of masking by back- 
eround activity. It was found that the ma- 
jority of lambda waves were associated with 
eye movements of some sort. This was not 
observed in the experiments described in the 
previous paper (Green 1954) when a lower 
sensitivity for eye movements was used. 


The average latency of all measurements 
of the lambda wave to an eye movement, in- 
volving 3,971 measurements, was 82 msec.: 
these included subjects with very good lambda 
waves and those with less clear but more 
common lambda waves. The average latencies 
for each individual subject (22 people) ranged 
from 67 to 85 msec., and the mean of these 
individual averages was 78 msec. The distri- 
bution for this population is thus seen to be 
non-symmetrical. The average latencies of 
the subjects with very good lambda waves 
tended to be slightly longer than for the sub- 
jects with ordinary lambda waves. It is of 
interest to see that the latency for the major 
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cortical response to a flash of light is con- 
sidered to be between 70 and 88 msec. (Cobb 
and Morton 1952), and that a latency of 
70 to 80 msec. for eye movement to lambda 
wave was reported by Gastaut (1956). 


movements required by the task, was usually 
97 to 130 msec. but these were not included 
because of the overloading of the amplifiers 
and also the difficulty in deciding which was 
really the last movement of the eye. 


_ A 


Fig. 4 


The method of measuring lambda wave latencies; the measurements are taken to the 
nearest eye movement preceding the wave in time. 

A. Shows parietal and occipital lambda waves. 

B. Shows occipital lambda waves in another subject. 


The range of the majority of latency mea- 
surements in a single record irrespective of 
type of picture varied within 16.3 msec. or 
1 mm. measurement, either side of the average 
for the individual subject, but on isolated ocea- 
sions rose to 2 mm. The latency of lambda 
waves to larger eye blinks as distinct from eye 


Taken on different occasions, the indi- 
vidual latencies for each subject varied within 
2 and 8 msec. of their own averages, the scores 
of the very good lambda wave subjects being 
the more consistent. This may have been 
largely due to a greater tendency for the 
less clear waves to be confused with back- 
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ground activity, as these records often showed 
the lambda wave area to be more scattered in 
the occipital and parietal regions and less 
synchronous. 

The lambda waves varied in amplitude but 
their size did not individually correlate with 
the size or direction of eye movement, or to one 
sided preponderance of movement as recorded 

| SECOND 


dv A 


phase reversed with similar waves in the 
parietal areas, but at other times they ap- 
peared independently of any other waves. It 
was found that measurements on the down- 
going waves were more difficult to obtain and 
gave less consistent results, so that the cal- 
culations were made only on the upgoing 
waves. 
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A. Subject studying small detail of a picture. 
B 


. Subject with the eye movements controlled by following the lines of a pattern. These 


two examples show few lambda waves. 


C. Subject moving his eyes in wide searching movements over the same picture as A, and 
shows an increase in incidence of lambda waves to eye movement. 


by this method. Examination of the form and 
distribution of the waves showed that often 
the predominent deflection was upwards, but 
at other times the main deflection was down- 
wards and in some subjects this followed a 
hardly perceptible upward phase. Occa- 
sionally the downward occipital waves were 


There was some variation in the duration 
of the waves, as there was in shape and 
amplitude and a more detailed investigation 
of these changes is in progress. The greatest 
number of lambda waves seen under test con- 
ditions during one second was 5, but usually 
there were 3 or 4. 
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In the records of 3 subjects who had very 
good lambda waves on some occasions, but who 
at other times showed the waves with much 
less clear definition, it was found that or- 
dinary lambda waves were seen when for a 
period of time, the subject studied a picture 
minutely (fig. 5). When he kept his eyes 
moving in larger and more searching move- 
ments over the whole of the same picture for a 
further period of time, this resulted in the 
appearance of very good lambda waves. How- 
ever, only in these 3 subjects who had fluc- 
tuating but potentially good lambda waves, 
did this alteration in type of eye movement 
have the effect of increasing their incidence 
and amplitude: individually a larger eye 
movement was not itself a sufficient condition 
for the appearance of a larger lambda wave. 


It was concluded from this group of ex- 
periments, that lambda waves were evoked 
only when there had been some sort of an 
eye movement, but that the converse was not 
true: eye movements did not necessarily pro- 
duce lambda waves. It was not ascertained 
whether the increase in the lambda wave ac- 
tivity was affected by a change in speed and 
type of eye movement, or an alteration in the 
mental alertness of the subject, but there. ap- 
peared to be some other factor involved in 
the enhancement of lambda waves besides 
simple eye movement. 


Lambda Waves and Light Flash Stimulation. 


Some observers have noticed the similarity 
between lambda waves and occipital responses 
evoked by light flash stimulation (Y. Gastaut 
1951; Evans 1953). The shape and distribu- 
tion of the waves appear to be similar and it 
has been noted that lambda waves are often 
more easily evoked following flicker stimula- 
tion. Experiments were performed to compare 
the latency of these occipital responses to light 
flashes, with the latency of lambda waves to 
eye movements; the light stimulus was a single 
flash from a photic stimulator, usually given 
infrequently, i.e. with at least 5 see. between 
flashes. Some experiments with frequent 
stimuli at about 3/seec. are also described. 


The average latency of the occipital re- 
sponse to a flash, involving 1,104 measure- 


ments, was 70 msec. taken over 27 subjects 
who showed the response clearly, a figure that 
is within a group of latencies obtained by Cohn 
(1952) in his work on latency measurements 
of the cortical response to photie stimulation. 
The average latencies for each individual sub- 
ject ranged from 54 to 81 msec. The measure- 
ments for eyes open and eyes shut have been 
calculated together for these and other results 
for the sake of simplicity. There appeared to 
be, however, a tendency for the average la- 
tencies from these and later experiments, to be 
slightly less with the eyes open than shut 
(2 to 14 msec.) but this finding needs further 
investigation. It is seen that this average is 
different from that previously obtained for 
the latency of lambda waves to preceding eye 
movements. The significance of this difference 
has not been tested statistically since in addi- 
tion, the statistical distributions are not 
similar. 


Examination of the form and spatial dis- 
tribution of the responses in the EEG record 
showed considerable variation from person to 
person, and some variation on different oceca- 
sions in the same person and even during a 
single record. In a subject with the lambda 
wave response to eye movement predominat- 
ing in the occipital channel, the occipital re- 
sponse to photic stimulation appeared to be 
similarly distributed. However, in a_ sub- 
ject with the lambda waves maximal in the 
parietal areas, there was a greater varia- 
tion in wave shape and area for both the 
lambda waves and occipital responses. This 
could be accounted for by a close coupling of 
the neuronal populations involved in the two 
separate phenomena. Activation of the light 
response group might then excite the neurones 
of the lambda wave group. If these groups 
were spatially overlapping (occipital lambda 
wave) the pattern would be consistent, but if 
they were spatially separate (parietal lambda 
wave) the coupling might be less constant and 
interference could result in a less consistent 


pattern. 

An attempt to investigate further the 
relation between the lambda wave response to 
an eye movement and the occipital response 
to a single flash, is being carried out by the 
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use of signal superimposition techniques. In 
this method any consistent response to a stim- 
ulus is differentiated from activity randomly 
related to the stimulus, by superimposing on 
the same photographic plate successive traces 
of a C.R.O. display which is recording the 
required signal, the time base being triggered 
by the stimulus (Dawson 1947). The resulting 
superimposed responses obtained with a light 
flash stimulus are compared with the picture 
of lambda waves similarly obtained, with the 
time base of the display triggered by the eye 
movements which are here thought to act as 
the stimulus for the lambda wave. This type 
of experiment has only been carried out on 
one subject to date (with parietally predo- 
minant lambda waves) and as ean be seen 
from figure 6 B the material so far obtained 
is of interest but does not conclusively answer 
the question. The dissimilar latency is con- 
firmed. A close study of figure 7 which shows 


STIM.a EM, 
LIGHT FL.RESP 
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LIGHT FL.RESP 


Fig. 6 


Trace integration by superimposition. 

A. Upper trace shows photo cell response to light 
flash followed by the electrical change produced 
by vertical eye movement. 

Lower trace shows EEG response from electrodes 

shown. 

B. Upper trace shows lambda wave, the display time- 
base being triggered by the eye movement pre- 
ceding it. 

The lower trace shows the response to light flashes 

at about 1.5 /sec. the time-base being triggered by 

the photo cell response. 

These two traces were recorded at different times on 

the same area of film, but since in each the time base 

is triggered by the causal event, they are shown in 
comparable time relationship to this event. 

B is displaced with reference to A so that the stim- 

ulus mark in the upper trace of A roughly corresponds 

to the position of the equivalent stimulus in B. 


a 4 channel C.R.O. display recording responses 
to single and repetitive flashes of light, audi- 
tory stimulation (q.v.) and also lambda waves 
to eye movements, suggests that in fact, the 
lambda wave may be a component of the light 
flash response. More investigations of this 
kind are to be carried out. 


A further consideration is that the flash 
of hght could cause an involuntary blink or 
eye movement resulting in a lambda wave 
which might mix with the true occipital re- 
sponse to the light stimulus. The resulting 
pattern could easily produce confusion. To 
test this point a superimposition record was 
taken, one channel recording the EEG, the 
other recording the photo cell response to the 
flash together with the eye blink (fig. 6 A). 
The photograph shows that the eye blink is 
in fact delayed until after the beginning of 
the occipital response, by a latency which is 
constant from stimulus to stimulus. The com- 
ponent of the occipital response which is 
comparable to a lambda wave (fig. 6 B) could 
therefore not be produced by the eye blink 
unless the latency of this mechanism was very 
much reduced. 


Lambda Waves and the Waking K-complex 
Response. 


It has been suggested previously that 
lambda waves might be in some way related 
to the similar occipital waves seen during a 
certain stage of light sleep (Roth and Green 
1953), and that, these latter waves also had 
some features in common with those of the 
K-complex in sleep (Roth, Shaw and Green 
1956). The generalized ‘‘vertical spike’’ or 
‘*K-complex’’ response to a peripheral stim- 
ulus, besides being evoked in sleep may also 
be obtained in the waking state, though usually 
with a smaller amplitude so that it is not 
easily differentiated from background activity 
(Gastaut 1953; Baneaud 1953; Roth, Shaw 
and Green 1956). Although this complex is 
phase reversed at the vertex it is widely 
distributed and extends to the occiput where 
a large though variable component is often 
seen (fig. 8). The question arose as to 
whether the occipital response to a single 
light flash stimulus was a response in this 
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Fig. 7 


Trace integration by superimposition using a 4 channel display, of the various phenomena 
discussed. These are to illustrate wave form only, the time relations to the start of the trace 


not being comparable. 


area mediated solely by visual pathways, or 
whether it was a component of the K-complex, 
which may be evoked by spaced single light 
flashes and also other forms of stimulation. 
In fact, in the work described above on 
the measurement of the latency of the occipital 


often occurred. It was therefore not always 
possible to say whether a purely visual area 
response was being measured or a component 
of the K-complex. This situation is further 
confused by the very great variability in 
pattern of responses seen even in the same 


response to a light flash, a K-complex very individual. 
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Responses to single light flash stimulation in one subject, with the eyes open and eyes shut 
and the appearance of a blink. Note the double occipital component in this subject. 
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Measurement of the latency of the K-com- 
plex induced by a single light flash showed an 
average latency of 70 msec. involving 472 
measurements over 18 subjects. Vertex or pre- 
vertex channels only were used for the mea- 
surements to avoid interference with occipital 
patterns or frontal eye movement artifact. 
Average latencies for each individual subject 
ranged from 57 to 85 msec. This mean la- 
tency is seen to be the same as that obtained 
for the occipital response to a flash of lght. 


turbance, it was possible to distinguish the 
occipital component of the vertex focal K- 
complex from any other concomitant of the 
flash stimulus by increasing the flash fre- 
queney. Since the K-complex has a refrac- 
tory period of about 1-3 see. (Roth, Shaw and 
Green 1956) light stimulation at more than 
1 flash per second eliminates its contribution 
to the overall pattern. This of course is the 
familiar situation in routine photic stimula- 
tion. 


Fig. 9 
Trace integration by superimposition showing the various phenomena discussed. Where the 
stimulus is not shown it triggered the time-base; where it is shown, the time-base commenced 
a fixed interval before the stimulus. In the former ease, the traces are displaced to show 


roughly the time relationship to the latter. 


There was some evidence that the occipital 
component to light stimulation, might be oc- 
curring independently of the K-complex. It 
showed considerable variation in being present 
or absent from the K-complex and occasionally 
it was elicited alone; in some people it showed 
a tendency to appear as a double wave more 
often than it appeared as a single wave. Apart 
from the fact that this occipital wave could 
occur without any apparent vertex dis- 


If the occipital response to isolated lhght 
flashes is independent of the occipital com- 
ponent of the K-complex, then a different 
occipital pattern should be observed when 
the K-complex is evoked by auditory rather 
than visual stimulation. 

Measurement of the vertex response to 
auditory stimulation with a 20 msec. pulse of 
1000 ¢/see. gave an average latency of 69 msec. 
(435 responses over 15 subjects), which is 
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about the same lateney as for the light flash 
stimulus ; averages for each individual subject 
ranged from 52 to 89 msee. The variability 
of the responses again made differentiation 
difficult when the straight EEG was exam- 
ined. An occipital wave was present in the 
auditory K-complex, but in most cases was 
not as clearly defined as when it was evoked 
by light flash stimulation. However, the in- 
tegrated response produced by the superim- 
position technique previously mentioned show- 


SUBIECTS 
BEASURES 
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seem to be related to accommodation of the 
subject. It appeared, however, that a stim- 
ulus of sufficient intensity or contrast from 
the normal conditions was necessary to evoke 
the complex, the intensity depending upon 
the subject. This was adjusted to be slightly 
less than that of a stimulus causing a startle 
reaction. 


The histogram of figure 10 shows how the 
average latencies of each subject measured, 
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Fig. 10 


The distribution of subjects within the range of latencies encountered in each of the 4 
stimulus groups. (FL.O.R. signifies flash occipital response to photic stimulation. ) 


ed that the post vertex response of the K-com- 
plex evoked by light flash and auditory 
stimulation were complex and did not appear 
to be identical (fig. 9). 

Both the waking K-complex to auditory 
and that to single flash stimulation were most 
easily evoked in the younger subjects aged 
18 to 25 years. In most people however, at 
1 stimulus in about 7 seec., the complex ap- 
peared inconsistently, would be evoked for 
several stimuli and would then spontaneously 
miss, for no apparent reason. This did not 


are distributed in each of the 4 stimulus 
eroups. 

Out of the 23 subjects tested for auditory, 
flash and eye movement stimulation, 8 people 
could be classified as showing very good re- 
sponses ; 3 subjects showed very good responses 
to all stimuli. Another 2 with very good audi- 
tory and light flash K-complexes showed poor 
lambda waves on eye movement. It also ap- 
peared that 2 people having very good lambda 
waves had poor auditory and light flash re- 
sponses and that one person with fair light 
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flash responses and very good lambda waves, 
had very poor auditory K-complexes. It 
seemed therefore that there was no direct 
relationship between the phenomena. 

It appeared easier to evoke a light flash 
KX-complex than an auditory one, as of the 18 
subjects showing a complex clear enough to be 
measured, 6 had no auditory K-complexes that 
were measurable, whilst each of the 15 people 
having an auditory response, also had a light 
flash K-complex, except for one person who 
had high background activity. There was a 
fluctuation in amplitude of each type of re- 
sponse to different methods of stimulation. 

In table I the averages of all measured 
latencies for each of the different phenomena 
have been compared. These measurements 
show very small seatter, considering the non- 
symmetric range of average latencies for 
lambda waves. 


TABLE I 
TABLE SHOWING THE MEAN OF ALL 
MEASUREMENTS 
Waking Flash Flash E.M. 
Auditory K. Oce. 
K. Resp. 
Mean Latency 69 70 70 82 
msec. 
No. Measure- 435 472 1,104 3,971 
ments 
No. Subjects 15 18 27 22 
Measured 
Total Subjects 29 27 33 29 


Tested 


Although lambda waves were enhanced by 
certain types of movements of the eyes, 
especially when the subject was interested in 
the task, the waves did not appear with all 
eye movements, and their occurrence depended 
largely on the state of alertness of the subject 
combined with the nature of the task. The 
different phenomena described above ap- 
peared at first to have no direct relationship, 
but on close examination of the waveforms, 
some overlap of the components could be dis- 
cerned. This fact, together with the similarity 
of the latency measurements suggest that 


lambda waves may have more in common with 
some part of the arousal mechanism than with 
eye movements alone. This would be sub- 
stantiated by the previous observation that 
some features of lambda waves are similar to 
the occipital waves that are seen during the 
stage of sleep when K-complexes can best be 
evoked. 


SUMMARY 


1. A series of experiments involving 
different types of eye movements and visual 
tasks, using 94 normal subjects showed that 
lambda waves were best seen when the subject 
looked at a detailed picture with interest. Eye 
movements were a necessary but not sufficient 
condition for the production of lambda waves. 


2. Comparisons were made of the latency 
for eye movement lambda waves with the la- 
tency of occipital responses to stimulation by 
flashes of light, and also with the waking 
K-complexes to light flash and auditory 
stimulation. The latency measurements of 
the different types were similar, but the 
lambda waves showed a slightly longer latency. 


3. There was much variation in the shape, 
amplitude, and incidence of each response to 
a stimulus, which occurred with all four types 
of phenomena. Subjects showing a good re- 
sponse to one type of stimulus did not neces- 
sarily have a good response to the other types. 


4. The different phenomena appeared to 
have complex wave forms and no direct rela- 
tionship could be established. However, the 
fact that on close examination of the wave 
forms, some of the components appeared 
common to each of the phenomena, combined 
with the closeness of the latency measure- 
ments, suggest that lambda waves may have 
more in common with some part of the arousal 
mechanism than with simple eye movement. 


Thanks are due to Dr. Joshua Carse, Medical Super- 
intendent, for his permission to earry out this work, 
and also to Mr. John Shaw for his considerable help, 
and to the subjects who have co-operated so patiently. 
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Clinical manifestations of intracranial arterio- 
venous malformations are varied, obviously depending 
upon the size and location of the anomaly as well 
as the amount of bleeding. The diagnosis of this 
condition is usually made on the basis of the clinical 
course and arteriography. The following is a report 
of a case with provocative electroencephalographic 
findings. 


METHODS 


Electroencephalograms were recorded with a type 
D Offner machine using 18 electrodes with 10 dif- 
ferent montages, 3 of which were common reference 
and 7 series bipolar. 


CASE HISTORY 


E. M. is an 1114 year old Puerto Rican white male 
who was perfectly well until March 8, 1956 when he 
suddenly complained of a frontal headache, malaise, 
anorexia and a sensation of ‘‘warmth’’ with vomiting 
after eating. These symptoms became more severe 
and a local physician advised hospitalization because 
of ‘‘anemia’’. However, the boy was kept at home 
and the symptoms progressed. On March 10, 1956 
another physician diagnosed ‘‘meningitis’’. On March 
10, 1956, the patient was first seen at Bellevue Hos- 
pital where he was noted to be afebrile, very lethargic, 
with positive Kernig and Brudzinski signs, a rigid 
neck and a mildly inflammed throat. Lumbar pune- 
ture revealed an initial pressure of 230 mm H,.O, 
with normal C. S. F. findings. In view of these 
findings, it was felt that the patient had a mild 
viral upper respiratory infection with secondary 
meningismus. 

The signs and symptoms became more severe and 
he was admitted to Bellevue Hospital on March 11, 
1956 with a temperature of 100°F., pulse 64/min., 
respiratory rate 20/min., and blood pressure 96/60 


1 This laboratory is supported by the Sister Elizabeth 
Kenny Foundation. 


mm. Hg. He was markedly lethargic and responded 
sluggishly to questioning and painful stimuli easily 
lapsing into light sleep. His speech was slurred and 
nasal in quality. Positive findings on physical exam- 
ination were a rigid neck, minimal ptosis of the right 
eyelid, dilatation of the right pupil, bilateral ankle 
clonus and positive Babinski’s, Kernig’s and Brud- 
zinski’s signs with slight weakness of the left arm 
and facial muscles. 

White blood cells numbered 10,000 with normal 
differential. C. S. F. was clear, with an initial pres- 
sure of 250 mm. H.O which rose to 300 mm. H.O 
on jugular compression. It contained 1 mononuclear 
cell per mm2, 28 mg. per cent of protein, 80 mg. per 
cent of sugar and no bacteria on culture. On March 
12, 1956 a.m. the patient was much more alert and 
responded readily to questioning and examination. 
The clinical picture was changed. Minimal athetoid 
movements of the left hand were now present. There 
was no weakness and no ankle clonus, and Babinski’s 
sign present only on the left. Corneal reflexes were 
also present. In the afternoon of the same day the 
right ptosis was absent, pupils equal, muscle power 
equal with persistent left hand athetosis and question- 
able left Babinski and moderately positive Kernig 
and Brudzinski signs. 

The impression at this time was that the patient 
had either meningitis of unknown origin, intracranial 
neoplasm or vascular anomaly. 

On March 13, 1956 there was no change except 
for the disappearance of the Babinski sign. White 
blood count was 6,950 with a normal differential. 

On March 15, 1956 the C. S. F. was clear with 
initial pressure of 180 mm. H,O. It contained no 
cells, protein 40 mg. per cent, sugar 72 mg. per cent 
and no bacteria on culture. By March 19, 1956 the 
physical examination was entirely normal and the 
patient showed an almost complete recovery. Two 
days later, however, he experienced a sudden onset 
of vomiting, frontal headache, extreme lethargy with 
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sluggish responses and clouding of the sensorium. 
Physical examination revealed ptosis of the right 
eye, mild weakness of the muscles of the left arm 
and face, right Babinski’s sign, no bruits audible, vital 
signs normal, optic discs normal on fundoscopic 
examination. C. S. F. pressure was 280 mm. H,O; the 
fluid was markedly xanthochronie but sterile with a 
protein of 325 mg. per cent and sugar 69 mg. per 
eent as well as 4 crenated red cells, 21 mononuclear 


A 


LE 


blood cells, 30 mononuclear cells, 185 ghost cells and 
380 mg. per cent of protein. 

Consultation with a pediatric neurologist on April 
9, 1956 revealed that the child had a left motor 
weakness and a left homonymous hemianopsia. His 
impression was that the patient had a right hemisphere 
lesion, neoplasm or arteriovenous anomaly probably 
involving the anterior part of the optic radiation in 
the temporal lobe. 


ASLEEP 
LE - SS 


B 
RE- wits LPF - RP 
4 
RRB 
— 
Fig. 1 


A. lst record. Normal sleep. The minimal asymmetry could be granted no significance. LE, left ear, 
LLC, left low central, LHC, left high central, RHC, right high central, RLC, right low central, RE, 


right ear, LF, left frontal, RF, right frontal. 


B. 2nd record. Grossly abnormal, showing a slow wave focus in the right anterior temporal area. 


5 em. inferior to the right anterior temporal lead. 


X is 


C. 3rd record. Normal sleep record. D. 4th record. Normal sleep record. 


Calibration : 50 
Time-scale: 1 sec. 


cells. By the next day there was a remarkable im- 
provement and the patient was alert and active with 
clear sensorium. Neurological examination was entirely 
normal except for minimal athetoid movements of 
the left hand. White blood count was 7,100 with 
normal differential. The first electroencephalogram 
on March 22, 1956 was normal (fig. 1 A). 

On March 24, 1956 the C. S. F. pressure was 250 
mm. H,O. The fluid xanthochromie with crenated red 


As there had been a clinical change since the 
first normal EEG, a repeat was obtained on April 
13, 1956 (fig. 1 B). 

The report stated: ‘‘This is a grossly abnormal 
record for the age showing a delta slowing focus on 
the right anterior temporal area. This is probably 
due to some organic condition in the right hemisphere 
most likely the posterior frontal area or the part of 
the temporal lobe lying just beneath that.’’ 


LHC 
RHC-RL 
RLC-RE 
RAT - RE 
LLC - 
2 RF - RAT 


The same day the C. S. F. pressure was 130 mm. 
H,O. The elear sterile fluid contained 4 mononuclear 
cells/mm.2 protein 61 mg. per cent, and sugar 72 mg. 
per cent. Left homonymous hemianopsia persisted 
during hospitalization. A pneumoencephalogram per- 
formed on April 19, 1956 was normal. EEG’s on May 
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tracing of the series that noteworthy findings were 
electrical and clinical changes. Once this accident 
malformation was responsible for the concomittant 
electrical and clinical changes. Once this accident 
resolved, the patient improved both clinically and elee- 
trically. 


Fig. 2 
Angiogram showing a vascular malformation on the right middle cerebral artery. 


1, 1956 (fig. 1 C) and on May 17, 1956 (fig. 1 D) 
were normal. It was specially noted that the slow 
wave focus was not seen in these tracings. An arterio- 
gram on June 6, 1956 revealed an arteriovenous ano- 
maly in the right temporal region (fig. 2) but because 
of its inaecessible location surgery was not advisable. 


DISCUSSION 


This case emphasizes the importance of serial 
electroencephalography. It was only on the second 


SUMMARY 


1. A case is reported of an 11% year old boy 
with an intracerebral vascular malformation on whom 
4 serial electroencephalograms were recorded. 

2. One of these recordings, obtained at the 
height of an exacerbation of symptoms helped to 
localize the lesion; the changes in the electroenceph- 
alograms paralleled the clinical course and yielded 
useful information. 

3. The advantage of serial EEG’s is emphasized. 


Reference: Burto, G. M. and Danorr, 8. Electroencephalography in a case of cerebral vascular malformation. 


EEG Clin. Neurophysiol., 1957, 9: 705-707. 


il 
Vv 
3 
j 
IN 


A CASE.OF PYKNO-EPILEPSY ASSOCIATED WITH 
UNUSUAL ICTAL EEG RECORD 
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There is an almost complete unanimity of opinion 
among epileptologists that the typical EEG record 
which is associated ictally with petit mal epilepsy is 
a 3 per sec. spike and wave pattern which involves 
both cerebral hemispheres suddenly, synchronously 
and symmetrically. The special distribution of this 
discharge is usually generalized, but tends to be most 
marked fronto-centrally and may even be localized to 
this region. Deviation from this typical EEG record 
has, however, been described consisting merely of 
minor variations in the topographical localization of 
the discharge as well as in its rhythm and _ spike 
formation. The ictal discharge may have a different 
topography appearing more in the parieto-oecipital 
region than in the fronto-central one. The spike and 
wave forms may appear at frequencies slower or 
slightly greater than 3 per sec. The term petit mal 
variant was first coined by Gibbs, Gibbs and Lennox 
(1939) to designate those spike and wave forms which 
oceur at frequencies slower than 3/see. According to 
Jasper (Penfield and Jasper 1953, p. 590) the spike 
formation is the least constant component of ‘the 
seizure. It may be present in some areas and absent 
in others. Similarly its relationship to the slow com- 
ponent may be also variable. To our knowledge no 
other type of EEG record has been described in 
association with this unique type of centrencephalic 
seizure. The mere fact that in our ease of petit mal 
epilepsy a totally different pattern of ictal EEG 
record was encountered seems to us to be sufficient 
justification for the publication and discussion of 
this case. The bearing that such.a finding may have 
on the physio-pathogenesis of epilepsy and especially 
on its clinico-electroencephalographie correlations con- 
stitutes another reason for the reporting of this single 
case. 


CASE HISTORY 


The patient was a boy, 714 years old, the youngest 
of three siblings, born at full term with forceps 
(delivery. The developmental history was normal and 
the past history was non contributory. The parents 
are non-consanguinous and the family history is 
negative for epilepsy or any other nervous or mental 
disease. 

The present illness started at the age of six when 
he began to experience sudden and temporary lapses 


of consciousness lasting for a few seconds. During 
these seizures the patient lost contact with his sur- 
roundings and stared vacantly. There was no aura 
of any type and the fit was not associated with any 
motor or sensory phenomena or less of postural tone. 
The disturbance of consciousness was apparently com- 
plete, as could be judged from the fact that during 
this time the patient did not respond to questions 
and there was complete cessation of all voluntary as 
well as semiautomatic or even automatic movements. 
These fits recurred daily with a frequency varying 
from 3 up to 50 per day. It was noticed that when 
the fit persisted more than about 15 sec. the patient 
displayed certain automatic movements consisting of 
tapping first with the hands and a few seconds later 
with the feet. These automatic movements were short- 
lived and stereotyped throughout the whole seizures. 
The recovery of consciousness was abrupt and was 
not associated with any of the well known post-ictal 
sequelae. Nocturnal enuresis occurred most of the 
nights, but there is no history of either sleep talking 
or walking. In between the attacks the patient was 
perfectly normal in every respect and was described 
by his parents as quiet, emotionally stable and intel- 
ligent. His school record was satisfactory. 


The general physical and neurological examina- 
tion of this patient did not reveal the presence of any 
abnormality. On hyperventilation it was noticed that 
the fits could be easily and regularly precipitated 
and were found to be identical with those described 
by the parents. The child has complete amnesia for 
the entire period of the attack including the auto- 
matisms. 

Routine laboratory investigations were essentially 
negative and plain X-ray of the skull did not reveal 
the presence of old injury or other pathological ab- 
normalities. 

Electroencephalography. Records were obtained 
with a Grass (model 111) six channel apparatus and 
the bipolar method was used. They revealed the 
presence of an alpha rhythm of 9 ¢/see. which blocked 
normally to eyes opening. The alpha rhythm was 
mixed with occasional slow theta waves which are 
known to be normally present at this age. There was 
no evidence of focal abnormality or of any spontaneous 
subclinical or EEG seizures. 
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On hyperventilation a clinical fit was precipitated, 
which was noticed a few seconds after the appearance 
of a gradually building up generalized discharge of 
bilaterally synchronous and symmetrical slow waves 
of high amplitude and irregular form and rhythm. 
The discharge consisted of a mixture of slow alpha, 
theta and deita waves, i.e., frequencies ranging from 
3 to 7 per see. The staring lasted for a period of 10 
to 15 sec., followed by the automatic movements. It 
is noteworthy that the automatic movements of te 


This effect appeared after five days and was main- 
tained throughout tie whole period of treatment. To 
exclude the question of coincidental and spontaneous 
improvement, the drug was intentionally stopped for 
a few days during which the seizures recurred with 
increasing frequency and severity and were again 
controlled with resumption of drug therapy. It is 
worthy of note in this connection that other anti- 
epileptic drugs ineluding barbiturates, hydantions and 
mysoline were tried without avail. 


STARING 


T TAPPING WITH HANDS END OF CLINICAL FIT 


Fig. 1 


Ictal record after hyperventilation showing the irregular slow waves tozether with the time. relationship 
between the onset of the EEG changes, the absences and the automatic movements. (B .continuation of A.) 


hands and feet appeared at the end of the EEG 
discharge and continued for many seconds (12 to 20) 
after the EEG had returned to absolute normality. 
The same findings were obtained several times on re- 
petition of the test. When the fit was short-lived (less 
than 10 see.), it was not followed by automatic move- 
ments. It is important to mention that following 
some of these hyperventilation tests the same typical 
EEG seizures appeared without any associated ob- 
jective or even subjective manifestations of clinical 
epilepsy. This last finding substantiates the view 
that epilepsy may appear in an abortive, subclinical 
or purely electrical form. 

Treatment. On the assumption that this was a 
case of petit mal epilepsy, the patient was given Para- 
dione (oxyzolidene-dione). Following the administra- 
tion of 3 capsules of Paradione per day, we noticed 
gradual and marked improvement, as judged from the 
diminishing frequency and severity of the seizures. 


at 


- COMMENT 


The clinical analysis of this case revealed clearly 
the presence of epileptic seizures of the minor or 
rather minimal type which were characterized by two 
main groups of symptoms: first, disturbance of con- 
sciousness of sudden onset, brief duration and mild 
degree constituting what is known in epileptic termi- 
nology as ‘‘absences’’ and secondly, involuntary semi- 
purposive movements which were simple in their char- 
acter and stereotyped in their pattern, constituting 
What is known as automatism. 

Confronted with this clinical picture and without 
the aid of EEG we were foreed to think of four 
diagnostic possibilities which in order of their pro- 
babilities were as follows: 

1. Petit mal seizures of the classical subcortical 
centrencephalie type which as is well known may be 
manifested primarily in their ictal phase by pure 


4a 


absences and secondarily and post-ictally by auto- 
matisms. 

2. Focal cortical seizures originating in silent 
areas of the brain and with secondary activation or 
firing of the centrencephalic system (secondary 
bilateral synchrony of Jasper (Penfield and Jasper, 
1953, p. 612). Like the former seizure, this type of 
cortical seizure may also be manifested primarily 
and ictally by absences and secondarily and post- 
ictally by automatisms. 

3. Psychomotor seizures, of cortical or subcortical 
origin. 

In the amnesie or confusional variety of this type 
the absences and automatisms constitute an integral 
part of the epileptic seizure pattern giving rise to 
what is known as primary or ictal automatisms in 
contradistinction to the two varieties previously men- 
tioned in which the automatisms are secondary and 
post-ictal. 

4. The combination of two or more of the above 
mentioned seizures is a remote possibility which should 
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as rare in petit mal seizures as they are common 
in psychomotor seizures. 

The fact that the seizures were markedly controled 
by Paradione as well as readily and regularly pre- 
cipitated by hyperventilation constituted additional 
corroborative evidence in favour of petit mal epilepsy. 
It should be stressed in this respect that although we 
favoured the diagnosis of petit mal epilepsy, we 
were not able to exclude on clinical grounds and with 
certainty other possibilities of either focal cortical 
seizures, psychomotor seizures or a mixed type of 
seizures. 

From the purely EEG point of view one ean state 
with certainty that the ictal record of this case was 
almost decisive in the exclusion of focal cortical 
seizures originating anywhere in the cerebral hemis- 
pheres. Similarly, the identity of the episodic EEG 
change throughout the whole record whether it was 
associated with no clinical manifestations, with pure 
absences or with a combination of absences and auto- 
matisms would argue strongly against the possibility 


1 SEC. ¢ STARING END OF FIT 


Fig. 2 
Ictal record after hyperventilation showing the same irregular slow waves in association with absences 


without automatism. 


N.B.: The same EEG record was obtained without either absences or automatisms. 


be considered in the differential diagnosis of such a 
case. 

Our preference for the pre-electroencephalographic 
diagnosis of centrencephalic seizure of the petit mal 
type in this case was based on the following criteria: 

(a) The young age of the patient. 

(b) The daily oceurrence of the seizures and 
especially their marked frequency which amounted in 
many occasions to fifty or more per day. 

(c) The extreme brevity of the fits which never 
exceeded 30 see. 

(d) The complete absence of auras of any type. 

(e) The typical clinical picture, consisting of the 
classical absences. 

(f) The sudden return of consciousness without 
any confusion, sleepiness or any of the other common 
post-epileptic symptoms. 

(g) The absence of any associated personality or 
behavior disorders which are generally accepted to be 


of a mixed type of seizures in this case. Notwith- 
standing its value in these respects the ictal changes 
per se were of no help in the differentiation between 
petit mal seizures and psychomotor seizures of the 
subcortical type and this for the simple reason that 
these ictal changes did not conform in their pattern 
to the classical changes associated with either. It is 
needless to say that the ictal record of this case dif- 
fered from the classical pattern of petit mal epilepsy. 
It similarly differed from that of psychomotor epil- 
epsy by the absence of the pre-ictal isoelectric changes 
as well as post-ictal exhaustion phenomena which are 
known to characterize EEG changes of psychomotor 
epilepsy. 

Although neither clinical nor EEG changes per se 
were decisive in the differentiation between these two 
types of seizures, namely petit mal seizures followed 
by post-ictal automatism and psychomotor seizures 
associated with disturbance of consciousness, it will 
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be noticed that a correlative study of the clinical and 
EEG changes of this case was of great help in this 
respect. Such a study has revealed the presence of 
certain differential points which if considered col- 
lectively would undoubtedly favour the diagnosis of 
centrencephalic seizures of the petit mal type as 
against psychomotor seizures of primary subcortical 
origin. The first and most important of these is the 
fact that the abnormal EEG changes in this case have 
preceded the appearance of disturbance of conscious- 
ness by a few seconds. 

This clinico-electroencephalographie differential 
point is considered by Jasper et al (1951) to be of 
decisive value in the differentiation between petit 
mal type and psychomotor epilepsy. More important 
still is the fact that the automatic or semipurposive 
movements in our case have almost invariably ap- 
peared at the end of the EEG seizure and always 
lasted for 15 see. or more thereafter. This would 
favour their post-ictal origin and would constitute a 
strong argument against the diagnosis of psychomotor 
epilepsy in which, as is generally accepted, the auto- 
matic behaviour constitutes a part and parcel of the 
epileptic seizure and is synchronous in its occurrence 
with the epileptic discharge. On the basis of the 
above mentioned clinical as well as EEG data and 
especially the correlation of the two together, we felt 
justified to assume that we are dealing in this case 
with centrencephalic seizure of the petit mal type 
associated with unusual ictal EEG record rather than 
with one or the other of the above mentioned seizures 
which may give rise to a more or less similar clinical 
picture. 


DISCUSSION 


Enough has been said to prove beyond any reason- 
able shadow of doubt that the clinical features of this 
case conform in every respect to the clinical variety 
of petit mal epilepsy known by the name of pykno- 
epilepsy or petit mal seizures of the minimal type. 
The only peculiarity which we feel is in need of 
elaboration and speculation is the unusual ictal EEG 
record which, to our minds, has not been recorded 
before and which we feel may prove of value in the 
elucidation of the exact physiopathogenesis and espe- 
cially the clinico-electroencephalographic correlation of 
this type of seizures. 

As far as our knowledge of epilepsy goes, these 
unusual ictal EEG changes can be explained on the 
basis of one or the other of the following three 
theories: 

A. An anatomical hypothesis implying a varia- 
tion in the topographical localization of the cen- 
trencephalic epileptogenic focus and/or in the direc- 
tion of propagation of its discharge. 

According to this hypothesis, our case would 
constitute a hitherto undescribed clinico-anatomical 


variety of centrencephalic epilepsy of the petit mal 
type. 

B. A physiological one assuming a diminution 
in the intensity of the epileptic discharge. On the 
basis of this hypothesis this case would represent the 
mildest form of petit mal epilepsy in which the clinical 
picture is identical with that of pykno-epilepsy whereas 
the EEG record is similar to the interseizure pattern 
encountered in some cases of petit mal epilepsy. 


C. A pathological one attributing the unusual 
EEG pattern to a greater damage or dissolution of 
the epileptogenic focus, as has been recently proposed 
by Grossman (1955). As far as this hypothesis is 
concerned our case would constitute not only clinical 
evidence in its favour, but more important still it 
would correspond in its EEG pattern to the most im- 
mature forms of EEG discharges which were exper- 
imentally found by Grossman (1955) in animals. Ae- 
cording to this author the most immature epileptic 
discharges consist of irregular slow waves which 
precede in their evolution the typical spike and wave 
pattern. 

Before closing, a final word should be said con- 
cerning the bearing of this case on the question of 
the specificity of electroencephalography in epilepsy. 
So far the evidence that has been forwarded against 
the specificity of these changes was entirely based on 
the association of similar electroencephalographic 
changes in association with dissimilar seizure patterns. 
That the reverse holds true seems to be proved by 
this unique case in which identical clinical pictures 
may be also associated with dissimilar electroenceph- 
alographie records. 

The discussion of this problem should be left at 
this stage until more eases are collected and com- 
pletely investigated and until more is known of the 
physiopathogenesis of the epileptic seizures as well as 
its clinico-electroencephalographie correlation. 


SUMMARY 


1. A ease of centrencephalie seizures of the petit 
mal type associated with unusual ictal EEG record 
is reported. 

2. The diagnosis of this case is discussed and its 
differentiation from the other types of seizures espe- 
cially psychomotor seizures is detailed. 

3. The physio-pathogenesis of this peculiar clinico- 
electroencephalographie variety of petit mal epilepsy 
is discussed. 
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ANNOUNCEMENT 


THE SISTER ELIZABETH KENNY FOUNDATION 


The Sister Elizabeth Kenny Foundation announces a continuance of 
its post doctoral scholarships to promote work in the field of neuromuscular 
diseases. These scholarships are designed for scientists at or near the end of 
their fellowship training in either basic or clinical fields concerned with the 


broad problem of neuromuscular diseases. 


Kenny Foundation Scholars will be appointed annually. Each grant 
provides a stipend of from $5000 to $7000 a year for a five-year period, depend- 
ing upon the Scholar’s qualifications. Candidates. from medical schools in the 


United States and Canada are eligible. 


Inquiries concerning details should be sent without delay to: 


Dr. E. J. HUENEKENS, Medical Director, 
Sister Elizabeth Kenny Foundation, 


2400 Foshay Tower, 


Minneapolis 2, Minnesota. 
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THE USE OF NOLUDAR IN PEDIATRIC ELECTROENCEPHALOGRAPHY 


Don L. WinFiELpD, Ph.D. and James G. HuGues, M.D. | 
Departments of Neurology and Psychiatry and Pediatrics, University of Tennessee, 
College of Medicine, Memphis, Tennessee 


(Received for publication: February 10, 1957) 


Various drugs and hypnotics have been used to 
induce sleep. This report is concerned with the use 
of Noludar.1 It is a newly developed hypnotic, dis- 
tinguished by high therapeutic activity and low toxi- 
city. Noludar is a central nervous system depressant 
which is non-alkaloidal. It is a piperidine derivative 
and does not belong either to the barbituric acid or 
the ureide groups. Chemically, Noludar is 3,3-diethyl-5- 
methyl-2,4-piperidinedione. Experimental studies with 
animals and clinical studies with humans reveal that 
Noludar is distinctly less toxic than phenobarbital. In 
adults, Noludar is well tolerated and effective with a 
fairly rapid onset and a short duration of effect. In 
view of the reportedly quick action of Noludar, it 
was decided to see how effective this would be as 
an agent to induce sleep in children referred for elee- 
troencephalographie study. It was also investigated 
from the point of view as to the amount of fast 
activity produced in the record and as to its quieting 
influence on those children who are often stimulated 
by the barbiturates. 

METHOD 

The Noludar in the elixir form was used: The 
taste is pleasant to children and not as objectionable 
as the taste of some sedatives. Furthermore, children 
are more prone to accept a sedative in the elixir form 
rather than as a tablet. Preferably, a short period of 
waking activity ‘was obtained, then the Noludar was 
administered, followed. by a 3 min. period of hyper- 
ventilation by those patients who would cooperate. 
Those patients who appeared to be difficult to handle 
and the very young infants were given the Noludar 
prior to the application of the electrodes. 

Early in the study an attempt was made to ad- 
minister a dosage of Noludar which was believed to 
approximate the equivalent amount of Nembutal 
which Kellaway and Fox (1952) found effective in 
their sleep study of children. As more experience 
with Noludar was gained, the dosage given according 
to the child’s age was as follows: 


1 Noludar used in the study was supplied through the 
courtesy of Dr. Thomas C. Fleming, Department of Clinical 
Research, Hoffman-La Roche Inc., Nutley, N. J. 


Usually, if sleep had not ensued within 30 min. 
from the time of the original dosage, half of this 
dose was again given the patient. 


This report is concerned with the results ob- 
tained from a. study of 278 consecutive EEGs on 
children between the ages of 2 months and 15 years. 
Only those children whose condition contraindicated 
the use of sedatives were omitted during the course 
of the investigation. No attempt was made _ to 
select the patients, although the age, weight, and 
provisional diagnosis were recorded. One purpose of 
the study was to evaluate the effectiveness of Noludar 
on all types of pediatric referrals. 


RESULTS 


Two hundred and twenty-three of the 278 pa- 
tients had sleep spindles in their records. The average 
length of time to obtain spindles in their records 
was 26.41 min. with an average dosage of 150.90 mg. 
of Noludar. The average leugth of time before the 
termination of the record of the non-sleepers was 
51.16 min. with an average dosage of 211.36 mg. of 
Noludar. Fifty-three of the patients with sleep 
spindles had repeated doses of Noludar. The second 
dose generally was about 1% of the “initial dose. 
Forty-three of the non-sleeping patients had repeated 
doses of Noludar. The average age of the sleeping 
and non-sleeping groups was approximately six years 
and weight differences were small but not. signi- 
ficantly so. 

Thirty-four (71 per cent) of 48 behavior pro- 
blem referrals slept, 132 (83 per cent) of 160 con- 
vulsive disorder referrals slept and 53 (76 per cent) 
of 70 patients with other CNS disorders slept. Eighty 
per cent of the total group slept and 81 per cent had 
abnormal EEGs. This is interpreted as a favorable 
response to the medication as compared with the re- 
sults reported in other studies using other sedatives 
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150 mg.Noludar 1:15 P.M. 


LT-RE 50 pv Sadia Sleep spindle stage 
RT-~LE Time of sample-1:27 P.M. Time of sample-1:46 P.M. 


Maly 


150 mg. Noludar 2:20 P.M. 


RF-RE 


LT-LE 50 yyy. Sn Parietal hump stage of early sleep 


RT-RE 


Time of sample- 2:31 P.M. Time of sample-2:39 P.Me 


LO-LE 


(Gibbs and Gibbs 1946; Kellaway 1950; Kellaway 
and Fox 1952; Levin 1952; Winfield 1955). This is 
particularly true since no special preparations were 
taken with the patients prior to the examination. 


Since the purpose of this study was not to investigate 
the clinical side effects of Noludar (that having 
been done extensively by previous investigators 
— Loughlin et al. 1955), no systematic attempt was 
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NOLUDAR IN PEDIATRIC EEG 


made to collect such data. In a few instances it was 
noted that a non-sleeping child who was administered 
rather large doses of Noludar appeared to be a 
little unstable and dizzy. Very rarely did a child 
appear to be stimulated by the Noludar, per se. On 
the contrary, in many instances, those children who 
in our experience would probably have been stimulated 
by the barbiturates were quieted by Noludar. 


The EEGs in this study were examined with 
reference to the amount of fast activity present. Of 
the 278 patients in this study, 186 patients had no 
fast activity or negligible amounts in their EEGs 
(fig. 1). Forty-one patients had some fast activity 
which appeared to be accentuated by the Noludar. 
There were 38 other patients known to be on anti- 
convulsant medication (barbiturates alone or in 
combination with other medication) at the time of 
their brain wave tracing. In this group, the fast 
activity present was believed to be either barbiturate 
induced or else activity characteristic of these chil- 
dren. In most instances the fast activity appeared to 
be potentiated by the Noludar. Thirteen other pa- 
tients were believed to have abnormally fast EEGs. 
As with barbiturates, the fast activity is generally 
potentiated in drowsiness and light sleep. An an- 
alysis of the data would indicate that by giving 
200 mg. of Noludar beginning at the age of 8 years 
instead of 10, as done in this study, would probably 
increase the percentage of sleep records. 


CONCLUSIONS 


In general it would appear that Noludar is a 
good hypnotic for the induction of sleep in pediatric 
electroencephalography. In the recommended doses, 
it produces sleep in a reasonable length of time in 
most patients. Furthermore, it does not generally in- 
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duce fast activity in the record, although it appears to 
enhance fast waves already present whether they be 
barbiturate induced or characteristic of a given pa- 
tient. Since 81 per cent of the patients had abnormal 
EEGs, it would appear unlikely that Noludar would 
be considered a depressant of abnormal brain wave 
activity. Noludar appears to be particularly effective 
with behavior problem referrals and with those 
children who are generally excited by the barbiturates. 
No significant undesirable side effects were noted 
during the study, although no systematic attempt 
was made to investigate them. 
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SCALP EEG’S OF PATIENTS RECEIVING ORAL BENACTYZINE 1 
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Columbus, Ohio and the Chillicothe Veterans Administration Hospital 
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INTRODUCTION 


In recent years there has been increasing interest 
in a new class of drugs, ataraxies or tranquillizing pre- 
parations. It has been postulated that these chemicals 
have a selective action on the nervous system in 
that they are believed to act chiefly, or possibly 
entirely, on basal brain structures — the diencephalon 
and brain stem. 

It has been theorized that the alpha rhythms may 
be regulated from the brain stem, and that decreased 
alpha rhythm in the cerebral cortex is associated with 
the state of being alerted to external stimulation, 
while an increase in alpha rhythms is related to an 
absence of alertness. It has been postulated further 
that some drugs activate this system while others 
depress it. 

Studies and reports on patients who have re- 
ceived some of the better known tranquillizing drugs 
as oral medication have been few and have been con- 
tradictory as to the specific effect, if any, of. the 
drugs on the cerebral rhythms. Several workers have 
stated that scalp EEG’s have shown but few signi- 
ficant changes that could be related directly to the 
ehemical action of the drugs when the latter were 
taken orally. For example, Terzian (1954) stated that 
the use of chlorpromazine in clinical doses by mouth 
did not result in any change in the scalp EEG pattern 
beyond those associated with changes in vigilance. 
Dennison and his associates (1955) reported that pa- 
tients on long term medication with reserpine, one 
milligram a day, did not show any significant changes 
of the alpha frequency, response to hyperventilation 
or to photic stimulation. 

On the other hand, a few workers have noted 
some changes in the cortical rhythms following the 
administration of the tranquillizing drugs. Liberson 
(1955) reported on nine patients who had been on 
oral chlorpromazine up to 400 mg. daily, for five 
months. He found that those who had a low alpha 
continuity showed an increase in that continuity and 
a slight decrease in alpha frequency. The results of 
parenteral administration of chlorpromazine have also 


1 The opinions expressed herein are those of the author 
and do not necessarily reflect the viewpoints or policies of 
the Veterans Administration. 


been contradictory. For example, Monroe et al. 
(1955) did not find significant scalp EEG changes 
with either chlorpromazine (Thorazine) or reserpine, 
even when given intravenously. On the other hand 
Bente and Itil (1954), Denber and Merlis (1956), 
and M. Turner et al. (1956) have reported that pa- 
renteral injection of chlorpromazine has increased ab- 
normal brain-wave potentials if these were present 
before the drug was administered. 


BENACTYZINE (SUAVITIL, PARASAN) 2 


Benactyzine is one of the newer ataraxie drugs. 
It is the hydrochloride of benzilic acid diethylamino- 
ethylester. Benactyzine is described as having a 
central blocking action possibly in the brain stem, 
and a peculiar clinical reaction in which external 
reality is divorced from emotional reactions. 


The EEG effects of Benactyzine, if any, have 
not been studied extensively, especially when the drug 
is given orally. 

Raymond and Lueas (1956) gave 5 mg. of Be- 
nactyzine subcutaneously to 10 non-patient volunteers 
and found significant EEG changes in half of the 
cases. The changes consisted of an increase in muscle 
artifact, a decrease in the amount, and to a lesser 
extent in the voltage, of alpha rhythm, and some 
slowing. They believed that these changes were not 
specific for the drug but that they represented in- 
creased attentiveness on the part of the subjects to 
altered sensory perceptions, especially to those im- 
pulses from the muscles and tendons (propioceptive 
impulses). 

A blocking or suppression of the alpha rhythm 
has also been reported following the administration 
of Benactyzine by Coady and Jewesbery (1956) and 
by Jacobsen (1955). It may be presumed, although 
it is not stated, that the findings of these workers 
may be on the same basis as that hypothesized by 
Raymond and Lucas (1956), although an editorial 
writer in the Danish Medical Bulletin thought that 
the EEG effect might be specific for the drug. 


2 The Benactyzine used in this research was made avail- 
able to the hospital by the Lloyd, Dabney & Westerfield, Inc., 
Co. of Cincinnati, Ohio. 
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SCALP EEG’S AFTER ORAL BENACTYZINE 


MATERIAL AND METHODS 


Nineteen patients in a psychiatric hospital were 
given Benactyzine orally over a 12 week period, be- 
ginning with 1 mg. 3 times a day and increasing the 
dose to 15 mg. 3 times a day. Fifteen of the patients 
were chronic schizophrenics in partial remission, 2 
earried diagnoses of chronic brain syndrome, one was 
called a passive aggressive reaction type and one was 
a manic depressive psychotic patient who was in 
remission. 


Control EEG’s were taken before the medication 
was started, again at the end of 4 or 5 weeks when 
the patients had been on relatively small doses of 3 
or 4 mg. and with little clinical effect; still later 
at the end of 10 to 11 weeks; after the patients had 
been on 15 mg. doses and when some of them had had 
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tracing was being made and at intervals for one hour 
thereafter. 

Ten lead monopolar recordings with 8 active place- 
ments were made, using a Grass Model III 8 channel 
electroencephalograph with the patients in the supine 
position. 

The tracings were subjected to visual analysis 
with especial attention to the alpha rhythm and to 
evidences of mental preoccupation and tension. 

Premedication tracings. These consisted of 13 
records that were read as normal, 4 that were read as 
borderline normal because of high alpha incidence and 
continuity, and 2 that were definitely abnormal due 
to bilateral slowing. Each record was studied with 
attention to the frequency and voltage of the alpha 
rhythm, its incidence and continuity, and the response 
to eye opening and closing. 
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Fig. 1 
Type of monopolar scalp recording found in 8 of 19 patients who were receiving 15 mg. of 


Benactyzine three times a day. 


the supposedly typical subjective reactions. However, 
other of the patients who were on the same dosage 
claimed to have no subjective effects. It is anticipated 
that follow-up tracings will be made later after the 
administration of the drug has been discontinued. 


There is evidence that Benactyzine changes ra- 
pidly in the body, and in view of this possibility some 
tracings were made at the time of the administration 
of the drug while others were run without respect to 
the theoretical blood level of the Benactyzine. In 
addition, a volunteer non-patient subject was given 
the drug in a dose of 10 mg. by mouth while a 


Medication tracings. 


On smaller doses (3-4 mg. three times a day). 
There were no significant changes in these records 
in terms of the criteria mentioned above. Two patients 
showed evidence of increased attentiveness and tension 
— less alpha activity and disorganization of the 
tracing by muscle artifact. 

On larger doses (15 mg. three times a day). The 
changes in the appearance of the alpha rhythms were 
not uniform. Eight of the 19 patients became more 
tense and their records showed an increased amount 
of muscle artifact with breaks in the continuity of 
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the alpha rhythm, a decrease in amount of alpha in 
a given time unit, a loss of uniformity or regulation, 
and a slight increase in alpha voltage (fig. 1). These 
changes appeared to be those expected from patients 
who were giving attention to unpleasant body feelings, 
and there is no reason to think they were a specific 
reaction to Benactyzine. This same type of record 
was seen in these patients who were given 15 mg. of 
the Benactyzine at the time of their tracing and 
also in the volunteer non-patient subject who took 10 
mg. and then complained of a ‘‘seary feeling’’ and 
of the sensory impression that his limbs were detached. 

In 8 other patients these tension and attention 
phenomena were not seen. In 5 cases there appeared 
to be a slight increase in the voltage but little or 
no decrease in the incidence or frequency (fig. 2). 
Only one patient showed any consistent reduction of 
alpha frequency in all leads and this was to the 
extent of approximately one-half cycle per second. 
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described the subjective experience as a tranquil state 
rather than drowsiness, but with a fearful feeling 
because of the loss of feeling of the limbs, and also 
because of the awareness of a lack of mental capacity 
based upon poor memory and an inability to sustain 
interest. 


DISCUSSION 


The results of this study have not been striking. 
The records did now show any changes in the alpha 
rhythm which, by visual analysis, could be related 
directly to the oral intake of the Benactyzine with 
the possible but uncertain exception of slight slowing 


‘of the alpha frequencies, in about a third of the 


patients. This was true, regardless of whether the 
subjects claimed subjective effects or not. 

These observations have been limited to patients 
who were given Benactyzine by mouth with scalp 
EEG records being taken while the patients were 
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Fig. 2 


Type of monopolar scalp recording found in 8 other of the 19 patients who were receiving 15 mg. of 
Benactyzine three times a day. Clinically, these patients were not appreciably different from the patients 


who had recordings of the type shown in figure 1. 


In contrast, 2 patients appeared to show a slight 
increase in alpha frequency. 

In the 2 patients whose premedication records 
were abnormal because of bilateral slowing, there 
was no detectable increase in the amount of slowing 
after medication. 

Only 4 of the patients claimed to be drowsy after 
taking larger doses of the medication. The more com- 
municative patients and the non-patient volunteer 


recumbent. While it would appear that the same 
type of results might follow from appropriate amounts 
of the drug by oral and parenteral routes, it would 
be expected that more immediate and more striking 
results would come about when the drug was taken 
parenterally. Also, it was common for these patients 
to have much more marked subjective complaints when 
sitting up or standing up and a few brief observations 
showed that there was slowing of the cerebral rhythms 
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at those times. This slowing was apparently on a 
hypostatie vascular basis. 

Patients who initially had a high incidence of 
alpha rhythm maintained that incidence while those 
who had a low alpha incidence continued with that 
pattern. 

The four who became drowsy clinically showed 
the EEG changes associated with drowsiness, and, in 
one case, the rhythms characteristic of very light 
normal sleep. 


SUMMARY 


Nineteen patients in a psychiatric hospital were 
given oral doses of Benactyzine ranging from 1 mg. 
to 15 mg. three times a day. Clinically, some claimed 
no subjective effects, while others reported a loss 
of sensations in the limbs and a feeling of apprehen- 
sion. 

Scalp EEG’s of these patients did not show any 
specific changes with respect to the alpha rhythms. 
In general, those rhythms were partially replaced by 
beta rhythms and muscle artifact, but this was 
thought to be non-specific for the drug and merely 
an aspect of increased alertness and vigilance. 

There were occasional instances of possible slight 
reduction in the frequencies of the alpha rhythms, 
and in most patients the voltages were slightly in- 
creased. 

It is possible that larger doses and intravenous 
administration might give more striking results or 
that basal or depth tracings might show significant 
changes. 

Finally, there are distinct limitations to the 
effectiveness of visual analysis of the electroenceph- 
alogram in a problem of this degree of complexity. 


Acknowledgment with gratitude is made to the EEG 


technician, Mr. Marvin McConkey, who scheduled the 
patients and obtained the tracings. 
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A NOTE ON PLACIDYL AS A SOPORIFIC IN EEG 1 
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With the technical assistance of T. SANNIT, B.S. and S. Prwoz, B.A. 


Department of Neurology, Graduate School of Medicine, Graduate Hospital, 
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(Received for publication: May 2, 1957) 


The evaluation of a sleep producing drug for use 
in electroencephalography involves the following con- 
siderations: (1) the rapidity and per cent effective- 
ness in inducing sleep in a routine patient population 
referred for EEG study; (2) the relative lack of 
distortion of normal sleep state patterns; (3) the 
relative percentage of EEG abnormalities seen in 
sleep; (4) the toxicity of the drug, and (5) the sub- 
jective reactions on arousal. 

Placidyl,2 a non-barbiturate sedative drug intro- 
duced to the profession in 1955, seemed from the 
brochures ideally suited for the induction of sleep 
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METHYL PARAFYWOL — DORMISORB 
Fig. 1 


for electroencephalographic examination (P’an et al. 
1955; Toman et al. 1956) ; it was reported to be non- 
toxic, rapid acting, and to have no after effects. The 
drug is identified as ethchlorvynol, a designation 
quite different from methyl-parafynol, the chemical 
known as Dormison, but as can be seen in figure 1 
the two are closely related — a chlorovinyl is sub- 
stituted for a methyl] radical. 

1 Presented at the March 1957 meeting of the Eastern 
Association of Electroencephalographers. 


2 Placidyl was supplied by the Abbott Laboratories, 
North Chicago, 


Placidyl, in doses of 750 mg. for adults and 
250 to 500 for children, was given to 100 in-patients 
at the Graduate Hospital who were referred for EEG 
study. The diagnostic breakdown of these patients 
was similar to a larger group of 1,000 patients studied 
previously during Dormison or Dormison-Seconal in- 
duced sleep (Silverman 1956) and the classification 
of EEG records in the two groups was also similar, 
making them comparable groups (table I). 


TABLE I 
DIAGNOSTIC CATEGORIES 


Placidyl Dormison 


21 211 

100 1000 


EEG CLASSIFICATION 


2 448 

100 1000 


Satisfactory sleep or drowsy state recordings 
were obtained in 76 per cent of patients with Placidyl, 
a figure comparable to that obtained with Dormison. 
The earliest occurrence of sleep was within 5 min. 
after the administration of the drug and the latest 
60 min. (if no sleep was obtained by then Seconal 
was given); the average time was 26 min. This again 
was comparable to the Dormison study. The quality of 
the sleep state EEG was judged to be equivalent to 
natural or Dormison induced sleep or drowsiness in 
47, to be slightly faster than natural or Dormison 
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induced sleep in 12 and distinctly faster in 17 (fig. 
2). At times in the latter group, when the patient was 
awakened, there was exaggeration of the beta com- 
ponents in the resting record. Twenty patients had 
previous or subsequent records with either natural, 
Dormison or Dormison-Seconal induced sleep. These 
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sleep showed that these were of the same general 
character and quantity as those obtained through 
Dormison induced sleep (table IL). The value of the 
sleep state record, as judged by whether the ab- 
normalities were significant (i.e., did not occur at all 
in the remainder of the record or only suggestively 
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offered some direet comparisons and substantiated 
the impression that Placidyl gave distinctly less poten- 
tiation of the fast components than Seconal, but 
more than Dormison or natural sleep. 

Study of the types of abnormalities revealed in 


so) or contributory (i.e., confirmed what appeared 
in the remainder of the record), compared favorably 
to the Dormison induced sleep study (table II). 
There were no serious toxic effects that could be 
attributed directly to Placidyl. One patient was dif- 
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TABLE II 
TYPES OF SLEEP ABNORMALITIES 


Placidyl Dormison 
(100 Pts.) (1000 Pts.) 
Generalized spike-waves ... 2 29 
Gen’], random and _ rhythmic 
Other Gen’l. paroxysmal wave 
Focal spike-waves Parnas 2 33 
Focal random and _ rhythmic 
Focal slow and sharp waves 6 39 
Focal slow with suppression 2 
22 201 
VALUE OF SLEEP 
Placidyl Dormison 
(100 Pts.) (1000 Pts.) 
Contributory 12 123 
22 201 


DANIEL SILVERMAN 


ficult to rouse, and 9 other patients upon arousal at 
the completion of their EEG’s complained of excessive 
and distressing sleepiness, grogginess and dizziness, 
a feeling akin to alcoholic intoxication; 6 of these 
patients had increased fast activity in their EEG’s. 
Less disturbing complaints of ‘‘light-headedness’’ 
and some drowsiness were encountered in another 12 
patients. 


in summary, Placidyl is a safe and effective sleep 
inducing drug for electroencephalography. However, 
because of the occurrence upon early arousal of 
(distressing subjective symptoms in some individuals 
Placidyl is best restricted to in-patient usage. 
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SOME PRELIMINARY ELECTROPHYSIOLOGICAL STUDIES ON CHRONIC 
NEURONALLY ISOLATED CEREBRAL CORTEX 


B. GRAFSTEIN, Ph.D. and P. BRAHMAYYA SastrRy,! Ph.D. 
Department of Physiology, McGill University, Montreal, Canada 


(Received for publication: June 8, 1957) 


It is possible to sever completely the neuronal 
connections from a given region of cerebral cortex 
to the adjacent grey matter and underlying white 
matter, without destroying its pial blood supply. In 
such an isolated area of cortex shortly after isolation, 
spontaneous electrical activity may sometimes be ob- 
served (Kristiansen and Courtois 1949), and activity 
may be elicited by direct electrical stimulation (Burns 
1950, 1951). Even several months after isolation, the 
isolated tissue may still be viable and electrical activ- 
ity may be recorded from it (Echlin, Arnett and Zoll 
1952). The present paper is a report of a brief 
survey which has been made to compare the electrical 
activity of acute and chronic isolated cortex. 

As the basis for this comparison, four types of 
cortical responses to direct electrical stimulation have 
been examined. These responses, which may be elicited 
from the unanaesthetized cortex, have been defined 
as follows: (1) A local surface-negative response, 
lasting about 20 msee., is produced when a single 
weak stimulus is applied to the surface of the cortex 
(Burns 1950). If the stimulus strength is increased 
this response is followed by (2) a burst of activity 
which is synaptically transmitted throughout the 
isolated region (Burns 1951). This burst response 
lasts 0.5-2 see., and during it the surface of the active 
tissue becomes positive with respect to an indifferent 
cortical point. (3) With repetitive stimulation at a 
rate of 5-10 per sec. for 5-10 see. an afterdischarge 
may be produced, lasting for some seconds after stim- 
ulation has ceased. This activity characteristically 
consists of a train of brief, high voltage discharges, 
which spread out from the stimulated point and may 
involve large areas of cortex. Activity of this kind 
in the motor cortex has been seen to be accompanied 
by epileptiform clonic limb movements (Adrian 1936), 
and this response is therefore referred to as an 
epileptiform afterdischarge. (4) Repetitive stimula- 
tion stronger than that required to produce the 
epileptiform activity may give rise to spreading cor- 
tical depression (Leao 1944). This response is readily 
detectable even in those preparations of isolated cortex 
which are not spontaneously active, since it is accom- 
panied by a slow negative shift of the potential of 
the cortical surface (Grafstein 1956). 


1 Research Fellow from India under Colombo Plan. Present 
address: Andhra Medical College, Visakhapatnam, India. 


These 4 types of activity were examined in cortex 
which had been isolated for 2 to 8 weeks, and in 
acutely isolated cortex. 


METHODS 


Ten cats were used for the chronic preparations. 
Under Nembutal anaesthesia and with aseptic pre- 
cautions, an area of cortex about 0.5 em. x 2 em. 
was isolated in the suprasylvian gyrus, in the manner 
described by Burns (1951). After 2 to 8 weeks the 
cat was decerebrated under ether anaesthesia, then 
taken off anaesthetic. The chronic isolated cortical 
slab was exposed, and a corresponding acute slab was 
usually prepared in the suprasylvian gyrus on the 
other side. When the electrical activity was to be 
examined the cortex was immersed in a pool of paraf- 
fin oil. 

Monopolar recording was usually used, with the 
reference electrode on an area of dead cortex at one 
end of the isolated region. Recording and stimulating 
arrangements have been described elsewhere (Burns 
and Grafstein 1952; Burns 1954). 


RESULTS 


A table summarizing the results obtained is given 
below. Very little difference was observed in the 
responses obtained from cortex which had been iso- 
lated for 2 weeks, 4 weeks, or 8 weeks, so the results 
from all the chronit preparations have been included 
together. 


(a) Spontaneous activity. In 9 out of 10 cats 
the chronically isolated cortex exhibited spontaneous 
activity, which was in some cases continuous, but in 
most cases consisted of intermittent bursts similar in 
character to the burst responses produced by direct 
stimulation. In the acute preparations spontaneous 
activity was not usually observed, but Burns (1954) 
has shown that even silent isolated cortex may become 
spontaneously active after only a few stimuli. For 
this reason it is very difficult to decide whether this 
difference between the acute and chronic preparations 
represents a significant alteration in the properties. 
of the cortex. 


(b) Surface-negative response. Although the 
threshold stimulus for eliciting this response was 
considerably higher in the chronic preparations, the 
distance over which the response could be recorded 
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was not significantly different in the two kinds of 
preparations. 

(c) Burst response. The threshold for this re- 
sponse did not change as a result of the chronic isola- 
tion, but the amplitude of its surface-positive ‘‘D.C.’’ 
component was apparently reduced to some extent, 
the difference between the responses in the acute and 
chronic preparations being statistically significant at 
a 5 per cent level of confidence. In two chronic prepa- 
rations it was observed that in each burst an initial 
brief surface-negative phase preceded the onset of 
the surface-positive potential. 
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very much higher. In 5 out of 8 chroni¢ preparations 
tested depression was not produced by repetitive stim- 
ulation in the range of strengths tested (see footnote 
to table I), and surface-negative polarization with 
currents of up to 2000 vA. was also ineffective. Even 
in these cases, however, as in the acute preparations, 
depression could be initiated by mechanical stimulation 
or by the topical application of 1 per cent KCl. 


COMMENT 


After 2 to 8 weeks the neuronally isolated cerebral 
cortex showed relatively little alteration in its electro- 


TABLE I 

Acute Chronie r 
Threshold for surface-negative response 
with 1.2 msec. stimulus (V.). 15+ 0.4 (5) 2.924 0.4 (7) < 0.001 
Distance over which surface-negative 
response may be recorded (mm.). 9.8 + 0.4 (2) 7.84 0.6 (5) 0.3 —. 0.2 
Threshold for burst response with 
1.2 msec. stimulus (V.). 2.7 + 0.6 (7) 3.0 + 0.5 (7) 0.8 
Amplitude of surface-positive 
component of burst (yvV.). 193 + 80 (4) 95 + 29 (5) 0.05 
Threshold for epileptiform afterdis- 
charge (40 stimuli, 8/sec. 1.2 msec.) (V.). 110+ 4.9 (5) 6.1 + .1.6 (7) 0,05 — 0,02 
Duration of epileptiform afterdischarge | 
at threshold stimulus (sec.). : 142 6.6 (7) 64 + 35 (6) 0.001 
Threshold for spreading depression (stim- 
uli 1.2 msec. at 10/see. for 10 sec.) (V.). 11.3 + 3.8 (6) 17.0 * (8) 
Amplitude of slow negative potential 
during depression (mV.). 8.0 + 3.2 (5) 2.5 + - 12. (7) 0.02 — 0.01 
Rate of spread of depression (mm./min.). 454 1.5 (3) 3.6 + 1.2 (8) 0.4 — 0.3 


* In 5 out of 8 cats depression was not produced with the strongest stimuli tested, which ranged between 


15 and 25 V. : 


Comparison of some properties of acute and chronic neuronally isolated cerebral cortex. In 


each case the mean and its standard deviation 


are given, the number of preparations from 


which the results were drawn being stated in parentheses. P — probability that the two sets 


of results are not significantly different. 


(d) Epileptiform afterdischarge. A lowered 
threshold and considerably prolonged duration were 
characteristic of this response in the chronie prepara- 
tions. 

(e) Spreading depression. When depression was 
initiated in the chronic isolated cortex, its rate of 
spread was comparable to that in the acute prepara- 
tions. However, the amplitude of the accompanying 
slow potential change was smaller, and the threshold 
for depression, tested with repetitive stimulation, was 


physiological properties. All of the responses which 
were produced by electrical stimulation in the acute 
preparation could also be elicited in the chronic one, 
although there were some changes in the thresholds 
and amplitudes of the various responses. Possibly the 
most interesting feature of the electrical behaviour of 
the chronic isolated cortex was the long duration of 
the epileptiform afterdischarge which could be pro- 
duced in it. In cortex which has been isolated for 
longer periods than those in this study, this after- 
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CHRONIC ISOLATED CORTEX 


discharge has been found to be even more prolonged. 
For example, in cortex isolated for 6 months, an after- 
discharge could be initiated which lasted for several 
hours (Burns and Sastry, unpublished results). 


It is not possible, on the basis of this brief 
survey, to make any speculations on the nature of 
the structural changes underlying the observed changes 
in the electrophysiological properties of the isolated 
eortex. We hope, however, that these preliminary 
ebservations will be of use in the further exploration 
of this problem. 


Our thanks are due to Professor B. D. Burns 
for his valuable advice, to Professor F. C. MaeIntosh 
for his interest in this study and to Mr. Carl Holizek 
for his assistance in the aseptic operations. One of 
us (Sastry) wishes to express his thanks to the Tech- 
nical Co-operation Service of the Canadian Govern- 
ment for the award of the fellowship under the 
Colombo Plan. This research was supported by a 
grant to Professor Burns from the National Research 
Council of Canada. 
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VARIATION WITH ELECTRODE SIZE OF THRESHOLDS FOR MOTOR RESPONSES 
TO CORTICAL STIMULATION 


A. R. Martin,! Ph.D. and R. S. Lewis, M.D. 


Department of Neurology and Neurosurgery, McGill University 
and the Montreal Neurological Institute, Montreal 


(Received for publication: May 24, 1957) 


There have been numerous studies of the effects 
of altering stimulus parameters on responses to re- 
petitive stimulation of the motor cortex. For example, 
Lilly, Austin and Chambers (1952) studied variations 
in threshold with pulse duration and frequency, using 
rectangular current pulses. More recently, Cure and 
Rasmussen (1954), using Macaca Mulatta, studied 
the effects of various waveforms and frequencies, not 
only on the voltage threshold but also on the type of 
motor response obtained. These papers together review 
adequately the earlier literature. 


One stimulation parameter which has received 
little or no attention is the area of contact between 
the stimulating electrode and the cortex. The exper- 
iments to be described here were carried out to deter- 
mine the effect of variation of this parameter on the 
voltage and current required to elicit motor responses. 
In particular, it was desired to find out if either 
voltage or current threshold were independent of 
variations in electrode contact area. 


METHODS 


Adult cats were used in all experiments and were 
anaesthetized with about 80 mg/kg. Dial given intra- 
peritoneally. Light surgical anaesthesia was main- 
tained by additional injections when required. The 
head of the animal was mounted in a_ stereotaxic 
instrument and the left sensory-motor cortex exposed. 
The skin around the opening was sewn up to a metal 
ring and the cavity filled with liquid paraffin. 


Stimulation was monopolar, the indifferent elec- 
trode being a large metal screw in the skull. There 
was no indication of polarization or fluctuating 
impedance at this electrode. Each stimulating elec- 
trode consisted of a column of agar gel, made up with 
10 per cent NaCl solution, in which was imbedded a 
coil of chlorided silver wire. The gel was contained in 
a glass tube (fig. 1). Contact with the cortex was 
made through a pore in a nylon plug fitted into the 
end of the tube. The 7 electrodes used were identical 
except for the cross-sectional area of the pore, which 
ranged from 0.25 to 5.0 mm.2, They were lowered 
individually into identical positions on the cortex by 


1 Present address: Physiology Dept. University of Utah. 
Callege of Medicine. Salt Lake City, Utah. 


means of an electrode carrier attached to the stereo- 
taxie instrument. 


Positive rectangular pulses of 6 msec. duration 
were applied to the stimulating electrode at a fre- 
quency of 80/see. Stimulus duration was 2 see. Two 
minutes were allowed between stimuli to avoid cumu- 
lative effects of repeated stimulation. The stimulating 
voltage and current were both monitored on a two- 
channel oscilloscope. 


One of the electrodes was placed on the motor 
cortex and its position adjusted until a point of 
minimum threshold for a _ suitable movement was 
located. Movements selected (for example flexion 
or extension of the knee or ankle in the contralateral 
front or hind limb, or abduction of the shoulder or 
hip) were well defined and unequivocally reproducible. 


Fig. 1 


Longitudinal section of stimulating electrode. The glass tube 
is filled with agar gel (a) made with 10 per cent NaCl 
solution. Stimulator is connected to chlorided silver spiral 
(s) imbedded in the gel. Nylon tip (t) and lead to stimulator 
are sealed to the glass with deKhotinsky cement. The 7 
electrodes used were identical except for the diameter of the 
pore (p) in the tip. 


The threshold voltage and current were then measured 
with the first electrode and each of the other six, 
and the results plotted as illustrated in figure 2. 
Several measurements were made with each electrode 
at each cortical point. 


RESULTS 

Movements were obtained from both the anterior 
and posterior sigmoid gyri. In figure 2 the threshold 
voltage and current required to produce knee flexion 
in the hind limb were plotted against the cross-sec- 
tional area of the stimulating electrode. The regres- 
sion line plotted for the current values has a slope 
which is not significantly different from zero. That 
is, the threshold current was independent of electrode 
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area in the experimental range. The threshold voltages 
fall close to the theoretical curve V = V, 4 V.,/A, 
where A is the electrode area. V, may be taken to 
represent the voltage dissipated across the combined 
resistances of the brain, skull, indifferent electrode 
contact and the AgCl agar junction. These re- 
sistances are independent of electrode area. Con- 
sequently if the threshold current is constant with 
varying area then V, will be constant also. Again 
assuming constant current, V./A represents the volt- 
age dissipated in the electrode tip, V. being constant 
and equal to the voltage drop in the tip of unit cross- 
sectional area, 
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Relation between thresholds and electrode size. Abscissa: 
cross-sectional area of stimulating electrode. Ordinate: stim- 
ulating current and voltage. X: threshold current for knee 
flexion in response to stimulation of the anterior sigmoid gyrus. 
Dashed line is the regression line fitted to these points. 
e@: Threshold for same movement expressed in terms of voltage 
applied to the electrode. Solid line is theoretical curve 
Vv = V, + V,/A, fitted to the experimental points, where V 
is the threshold voltage, V, and V, are constants and A 
is the electrode area (see text). 


These results are typical of those obtained from 
a total of 9 cortical points in 5 animals, except for 
one point where there was a slight but significant 
increase in threshold current with increasing electrode 
area. The amount of current required to elicit motor 
responses was not only relatively independent of elec- 
trode area but showed remarkably small variation from 
experiment to experiment. Its value always lay in the 
range 2.0 to 3.5 mA. 

During one experiment the stimulus frequency 
was altered to 120/see. and the pulse width to 4.0 
msec. These alterations had no effect on the relation 
between electrode size and threshold voltage and cur- 


rent. 


DISCUSSION 


The results obtained here indicate that under 
conditions where electrode contact areas are unknown 
or variable, current measurements would be expected 
to provide a more reproducible indication of thresholds 
for excitation than would voltage measurements. How- 
ever, with agar electrodes the threshold voltages also 
become relatively independent of the electrode area 
if this area is greater than about 3 mm2. A few 
preliminary experiments indicated that this was also 
true of silver electrodes. 


If the motor responses were initiated by the 
activity of a few cells immediately under the stim- 
ulating electrode, an increase in threshold current 
might be expected as the electrode area was increased. 
That is, some of the current from the larger electrodes 
would be expected to pass outside the volume occupied 
by the cells coneerned in the movement, and so not 
contribute to their excitation. The fact that there 
is no significant increase in threshold current with 
the largest electrode area used (5 mm.2) indicates 
that the cortical area involved in the discrete move- 
ments observed is at least this great. This is in 
agreement with the results of Phillips (1956) who 
found that single shocks at a strength just adequate 
to produce flick movements resulted in the excitation 
of pyramidal cells over a minimum radius of 4 mm. 
from the stimulating electrode. On the other hand 
Ward and Clark (1935) and Lilly et al. (1952) report 
different motor responses in the cat from cortical 
points as little as 3 mm. apart. Perhaps, as suggested 
by Liddell and Phillips (1952), the selective elicita- 
tion of a specific movement is due largely to the group 
of cells subserving this movement being in the major- 
ity of those stimulated. 


SUMMARY 


1. The motor cortex of cats was stimulated with 
electrodes ranging in cross-sectional area from 0.25 
to 5.0 mm.?2. 


2. Within this range, the minimum current re- 
quired to elicit movements was found to be independent 
of the contact area between the stimulating electrode 
and the cortex. The voltage applied to the stim- 
ulating electrode at threshold increased as the elec- 
trode size decreased. 


3. Because the threshold current is independent 
of electrode area up to an area of 5.0 mm.2, it is 
concluded that the cortical area involved in the 
production of discrete movements is at least this great. 
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ANNOUNCEMENT 


THE AMERICAN PSYCHIATRIC ASSOCIATION 
THE HOFHEIMER PRIZE 


The Hofheimer Prize of $1,500 is awarded annually by the American 
Psychiatrie Association for an outstanding research contribution in the field 
of psychiatry or mental hygiene which has been published within three years of 
the date of the award. The competition is open to citizens of the United States 
and Canada not over forty years of age at the time the article was submitted for 
publication; or to a group whose median ages do not exceed forty years of age. 
The next award will be made at the Annual Meeting of the Association in May 
1958. Articles submitted to the Prize Board before March 1, 1958 will be con- 
sidered. Eight copies of each publication and data concerning age and citizen- 
ship should be sent to John I. Nurnberger, M.D., Chairman, Hofheimer Prize 
Board, 1100 W. Michigan St., Indianapolis 7, Indiana. 
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Editor for Western Hemisphere and Far East, J. KNOTT, Iowa City, Iowa, U.S.A. 
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THE SIMULTANEOUS PHOTOGRAPHIC RECORDING 
OF SEVERAL OSCILLOSCOPE GUNS 1 


WILLIAM T. NieMer, Ph.D. and Ervin W. Powe t, Ph.D. 


Department of Anatomy, The Creighton University School of Medicine, 
Omaha, Nebraska 


(Received for publication: June 9, 1957) 


Difficulties were initially encountered when we 
attempted to record photographically and simulta- 
neously the traces of four separate oscilloscopes. Ob- 
viously this could not be done with a single oscillo- 
record camera which covered only one scope face at 
a time. We wanted to obtain a simultaneous record 
of the four scope faces in order to compare latencies 
of response from various brain regions responding to 
the single shock stimulation of a particular structure. 


varying characteristics of successive responses, and 
permitting more detailed study of latency and spread. 

The oscilloscope tubes were rather easily mount- 
ed in the fashion illustrated in figure 1. The Auto- 
matic Engineering Co. of Omaha, Nebraska, fabricat- 
ed the master chassis from Unistrut materials and 
aided us in mounting the equipment so that any unit 
is easily removed and restored to its original portable 
condition. Special-extension cords were made for the 


Fig. 1 
The arrangement of oscilloscope guns which permits the convenient simultaneous 


photographic recording of as many as 6 independent traces. 


Other electronic 


equipment is also mounted in the master chassis. 


Our principal objectives can be summarized as fol- 
lows: (a) to record four oscilloscope faces at a single 
exposure; (b) to procure records having good con- 
trast and of a size scale that permitted immediate 
mounting on prepared seale drawings of the cat’s 
brain, and (c¢) to record repetitive traces from a 
single oscilloscope, thus facilitating comparison of 


1 This work was supported by a grant (B-1046) from the 
U.S.P.H.S. 
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oscilloscope guns using Belden 18 AWG stranded 
hook-up wire and tube bases and sockets (collar bases, 
split collar sockets, tube bases, and base sockets) 
purchased from Allen B. DuMont laboratories. 

A crown graphie camera with an Optar 135 mm. 
f 4.7 lens employing the polaroid back proved most 
suitable for photography. Polapan 400 type 44 film 
is sufficiently fast and sensitive to record the traces 
(fig. 2). The camera, as we use it, is simply mounted 
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on a Husky Quick-set tripod and placed at a distance 
of about two feet from in front of the tube faces 
which are then focused on the ground glass, then 


Fig. 2 


Traces showing latency of 6 different areas in the cat’s 
brain (upper left, anterior hypothalamus; upper right, middle 
hypothalamus ; lower left, mamillary body and lateral gyrus — 
posterior inferior part; lower right, septum and amygdala) 
from stimulation of the ventral hippocampus with 6 V. 
0.5/sec. and a pulse duration of 2 msec. The voltage calibra- 
tion lines represent 100 pV: The time calibration equals 20 
msec. between each dot. . 


refocused by using the focusing plate supplied with 
the polaroid back. The resulting pictures were of the 
desired scale size so as to permit immediate mounting 
on scale drawings of the cat’s brain. The intensity 
of the scope screen was so adjusted as to give the 
contrast shown in figure 2 when the diaphram setting 
of the camera was f 4.7 with shutter set on bulb. 
In obtaining the picture shown in figure 2, we did not 
use a light shield between the scope faces and the 
camera but merely pulled down the shades in the 
laboratory and turned out the lights while the picture 
was being taken. A Grass IIID EEG was used to 
amplify the signals led to the oscilloscopes by simply 
tapping (we used equal lengths of shielded coaxial 
cable) jack 8 (plate) of the 6SL7 amplifier tube. 

Objective (c), recording of repeated traces on 
the same polaroid frame, has not been fully realized 
but we are convinced that it is within our grasp. A 
light shield will be desirable for the scope chosen in 
order to obtain repeated exposures on the same frame, 
and in addition it will also be necessary to have seme 
means to determine the exact position of the image 
of the trace on the film. 

If one mounted 6 double beam scopes in such 
a fashion as we have described, 12 simultaneous traces 
representing 12 response foci could be photographed. 


Reference: NImMER, W. T. and PoweELt, E. W. The simultaneous photographie recording of several oscil- 
losecope guns. EEG Clin. Neurophysiol., 1957, 9: 729-730. 
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TIME LAPSE INDICATOR FOR PEN AND OSCILLOSCOPE RECORDING 1 


G. Peter Arnott, Ph.D. 


Department of Ophthalmology, College of Medicine, 
State University of Iowa, Iowa City, Iowa 


There is need for a device which can provide an 
automatic indication of the passage of time on both 
ink-writer EEG records and cathode ray photographs. 
Provocative tests such as photie driving and hyper- 
ventilation may be more useful when time after the 
initiation of the test is recorded periodically and 
automatically. This information is particularly es- 
sential in ERG work when following the course of 
dark adaptation. Lapsed time at any point can be 
calculated when the paper speed of the recording is 
known but this requires either continuous paper travel 
or much clock watching and record notation, subject 
to the usual errors. . 

When photographing the oscilloscope on moving 
film one should be able to correlate pen records with 
film. The ink tracings may be used for gross estimates 
of response and for writing special notes about the 
test conditions. Developed film is usually not avail- 


Mechanics of Timer 


able for recording every second. In order to make 
lapsed time easily perceived we decided, after much 
experimentation, to let a sine wave indicate every 
second, followed by a positive pulse; the delay or 
time lag between the two would be a function of the 
number of minutes past zero time. A negative pulse 
would also follow, its delay being a function of the 
number of seconds past zero time. These signals would 
activate both an unused EEG pen, and three glow 
tubes located at the base of the CR tube. 

The ink and CR recordings of time are easily 
read by placing a ruler, scaled for this purpose, 
below the time tracings. The bottom lines of figure 1 
illustrate the two types of records. The relation of 
minute (M) and.second (S) marks to the reference 
(R) wave in this drawing would be read on our ruler 
as 7 min. and 11 see. past zero time. 

The motor, gears, and cireuit which produce this 


_ Film Record 


Fig. 1 


able until much later. Automatic numbering of ink 
and film records makes it simple to locate responses. 
Simultaneous recording of time has given this in- 
formation. Since we use moving film, it was not pos- 
sible to photograph a watch placed beside the CR tube. 

The film in our procedure travels for 1.2 sec. 
at a rate of 5 em/sec. when recording ERG responses. 
The paper speed of the ink-writer monitor is 60 
mm/see. We therefore wanted time signals starting 


with the commencement of dark adaptation and avail- 


1 The development of this device was supported by a 
grant-in-aid from the U.S. Public Health Service awarded to 
Dr. H. M. Burian, Department of Ophthalmology, College of 
Medicine, State University of Iowa. 


signal are housed in a metal box 6 x 8 x 7 inches. 
A 60 RPM synchronous Bodine motor provides the 
time base by rotating three cams. These cams activate 
microswitches which signal neon glow tubes and the 
pen amplifier through appropriate circuits. Figure 1 
is a functional drawing of the mechanics involved. 
Professor Sutherland, of the University of Iowa 
Engineering Department, calculated the proper gear 
ratios and developed a suitable clutch to permit 
placing all cams in phase (zero time) when desired. 
The gears were cut from nylon rod by Mr. Walters of 
our machine shop. The unit is reasonably quiet. 
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Motor (L) turns the reference shaft (K) one 
revolution each second. A gear (I) on this shaft has 
59 teeth which engage a 60 tooth gear (J). Its shaft 
(F) rotates in and out of phase with the reference 
shaft once each minute. This lag produces the lapsed 
seconds marks. This shaft (F) also has a gear (G) 
with 61 teeth which engage the fourth gear (H) with 
60 teeth mounted on shaft E. It rotates in and out 
of phase with the reference shaft once each hour. 
This lag produces the lapsed minute marks. The three 
cams (B) ean be brought in phase by pressing the 
zero time bar (A). Slippage between each cam and 
its backing plate is permitted by foam rubber clutches 
(D). The cams activate the three microswitches (C). 

The timer circuit, figure 2, was designed to 
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Fig. 2 


energize three neon glow tubes mounted at the base 
of the cathode ray tube. They cover the bottom 2 
em. of the tube. In addition a low voltage signal is 
provided for input into one channel of the EEG ampli- 
fiers. 

The switches operate in the following manner. 
S., when closed for a moment each second by the 
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reference cam, connects glow tube Ne, and G, of the 
pen amplifier to the AC supply line. When the 
notch of the minute cam momentarily activates S,, the 
rectified AC voltage is removed from the upper elec- 
trode of NE,, and a voltage of opposite polarity is 
substituted. This condenser discharge signal also 
appears on G, of the pen amplifier. Lastly, the notch 
of the cam indicating lapsed seconds momentarily 
closes S, which energizes Ne, and also causes the pen 
to deflect downward. 

This timer has been in daily use now for over a 
year without developing any trouble. It has served 
our purposes very well. It writes its information using 
a minimum of space and could be readily adapted to 
other requirements using slower or faster paper or 
film speed. It could serve as an accumulative time 
clock totaling up to 5 months or more. If the three 
microswitches were wired in series it could serve as 
an alarm clock for distant maintenance checks. The 
unit we use is equipped with a 60 RPM motor. The 
table below indicates the parameters when using this 
and other timer motors. 


Timer Scale Total Minimal Write-out 
Motor Intervals Period Recording Rate 
Speed 
60 RPM Min. and sec. 1 hour 5 em/sec. 1/sec. 
30 RPM Min. and sec. 2 hours 3 cm/sec. 1/2 sec. 
1 RPM _ Hours and min. 60 hours 5 cm/min. 1/min. 
1 RPH . Hours only 3600 hours 5 cm/hour 1/hour 


Parts List for the Timer Circuit 


Circuit No. Part 

47 K resistors 

FORE Ne—2 tubes 

_ SPST toggle switch 
SPDT micro switches 
Sarkes selenium rectifier model 50 


Reference: Arnott, G. P. Time lapse indicator for pen and 


1957, 9: 731-732. 
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SUCTION CUP ELECTRODES 


R. Cooper, Ph.D. and V. J. WALTER, M.S.R. 
Burden Neurological Institute, Bristol, England 


(Received for publication: March 20, 1957) 


The Burden Neurological Institute was asked to 
take electroencephalograms of oedematous premature 
babies at the Bristol Maternity Hospital. 

The chief difficulty encountered was the applica- 
tion of the electrodes because the skin of these babies 
is often particularly delicate. For this reason it was 
thought that the button type electrodes attached to 
a rubber band, used by Dreyfus-Brisac, Sampson and 
Fischgold (1955) and the stocking hat method, de- 
scribed by Harris, Rhodes, Tizard and Walker (1957) 
were unpractical as they both necessitate too much 
handling in their application when dealing with 
oedematous infants. Therefore, a new type of elec- 
trode was devised which can be merely placed on the 
head and held in position by slight suction. No cap 
or other holder is necessary and no cleaning of the 
skin by alcohol is required. The five electrodes used 
are applied within a few seconds. 


These electrodes are made from one inch diameter 
rubber suction cups (window buttons), through the 
top of which is inserted a chlorided silver rod. This 
rod is bell-shaped at the base and padded with sponge. 
Also inserted through the rubber cup and sealed in 
position is a thin polythene tube about 12 inches long 


and 14% mm. in diameter which is connected to a 

medical vacuum pump by 4” rubber tubing. Nylon 

sponge is cut to the shape of the belled silver rod. 
TO PUMP 


t 


POLYTHENE SILVER ROD 


TUBE 


Fig. 1 


Shows a section through an electrode. 


Fig. 2 
Electrodes in position on oedematous premature baby in incubator. Suction tube 
passing out to right of incubator through ventilation hole, electrode lead passing to left. 
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This was used in preference to natural sponge as it 
keeps its shape when wet and does not shred, thus 
avoiding the risk of blocking the polythene tube. 
Figure 1 shows a section through an electrode. Small 
leaks due to irregularities of the surface or hair on 
the head are well within the capacity of the pump and 
in fact any 2 of the 5 electrodes used need not be 
in contact with the head at all, the polythene tubing 
presenting a high ‘‘impedance’’. The force holding the 
electrode down is easily adjusted by a controlled leak 
so as to be only just adequate to retain the electrodes. 

The electrodes are first soaked in saline. Then 
a small amount of electrode jelly is applied to the 
sponge and the outer rim of the rubber cups. The 
electrodes are then placed in the ineubator together 
with a small plastic plate. The rubber suction tubing 
is passed out of the incubator through one ventilation 
hole and the electrode leads through another. When 
the suction pump has been switched on, the electrodes 
are placed firstly on the plate and then transferred 
one at a time to the head. Virtually no handling of 
the infant takes place. An electrode can be moved 
from one part of the head to another simply by 
squeezing the cups slightly; this produces a leak and 


the electrode falls off, it can then be ‘‘sucked on’’ 
in a new position. Turning off the pump at the end 
of the recording allows all electrodes to fall off. 

It has been found important to wash the elee- 
trodes immediately after use and again attach to the 
vacuum pump in order to remove any small particles 
which might cause blockage of the fine polythene tube, 

Records have been taken in this way without signs 
of discomfort to the baby, the marks of the electrodes 
disappearing within half an hour. 

Figure 2 shows electrodes in position on a 31% lb, 
oedematous baby three days after birth. 


Our thanks are due to Dr. Beryl Corner, Con- 
sultant Physician of the Bristol Maternity Hospital 
and to the staff in charge of the Premature Unit in 
that Hospital for their permission and co-operation 
in this study. 
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SOCIETY PROCEEDINGS 


THE DANISH EEG SOCIETY 


Secretary: B. HARVALD 
University Institute for Human Genetics, Copenhagen, Denmark 


September 25, 1956 
Queen Louises Hospital for Children 
Round table conference: EEG in mental deficiency 


1. Electroencephalographic findings in 200 chil- 
dren with mental retardation. — SvEN BRANDT, 
Copenhagen. 

Eighty-six abnormal records were found with the 
following clinical relations: Complicating cerebral 
palsy alone: 11 cases. Complicating cerebral palsy 
and epilepsy: 13 cases. Complicating epilepsy alone: 
34 cases. Children with a history of ‘‘cured’’ epilep- 
sy: 4 eases. Hypothyroidism: 1 case. Mentally re- 
tarded children without epilepsy or cerebral palsy: 
23 eases. In this last group diffuse abnormalities 
(slowing) were found in 14, paroxysmal abnormalities 
in 5, foeal abnormalities in 2 and 6-14 per see. positive 
spikes in 1. 


2. EEG in phenylketonuria. — Sven Branpt, 

Copenhagen. 

Abnormal EEG was found in 3 infants, all below 
2 years of age at the time of examination, contrasting 
to normal EEG in 2 children older than 2 years. 

One infant was electroencephalographically fol- 
lowed from the age of 11% months until the age of 
28 months. As long as frequent myoclonic or akinetic 
petit mal seizures were present, severe abnormalities 
were found in the records during waking state and 
sleep. Phenobarbital gave some clinical but no electro- 
encephalographical improvement. Two and one half 
months of feeding on a very low protein diet gave no 
EEG improvement. About one year after cessation of 
this dietary experiment spontaneous normalization 
could be noticed in the waking EEG and periodic ab- 
normal paroxystic patterns were left only during 
sleep. Epileptic symptoms were rare, but the child 
was severely mentally retarded. 

The findings indicate that this metabolic disorder 
tends to change from an active phase during early 
infaney to an electroencephalographically less active 
phase. This is a development well-known from other 
degenerative cerebral disorders of infancy. 


3. EEG in tuberous sclerosis and juvenile amaurotic 
idiocy. — J. ELLEBJERG, Filadelfia Colony. 

In a patient with tuberous sclerosis slight diffuse 
abnormalities without epileptic paroxysms were found. 
A patient with juvenile amaurotie idiocy showed bi- 
lateral paroxysms of high voltage activity. 


February 26, 1957 
Institute of Neurophysiology, Copenhagen 


1. EEG in acute carbon monoxide poisoning. — M. 
LENNOX and P. BENDER-PETERSEN, Copenhagen. 
(To be published in EEG Clin. Neurophysiol.). 


2. EEG during treatment with chlorpromazine 
(“‘Largactil’). — R. SoGARD JORGENSEN, Co- 
penhagen. 


Twenty psychiatric patients, all males, were 
examined. Their ages were between 17 and 59 years. 
None of the patients were suffering from epilepsy; 
300-1500 mg. of chlorpromazine were given a day. 

In all patients EEG was recorded before treat- 
ment, 3-7 times during treatment and 2-3 times after 
withdrawal of chlorpromazine. 

Before treatment 9 patients had totally normal 
EEG, in 11 patients different abnormalities were 
found. 

During treatment the alfa activity was affected 
in 16 patients, being more regular and of higher 
amplitude; in 4 of these patients the frequency was 
lowered; 13 patients showed admixture of slow activ- 
ity, 8 patients of fast activity. In 10 patients spikes, 
sharp waves or series of slow activity were demonstrat- 
ed. In a patient with acute chlorpromazine poisoning 
(5 g.) homologous epileptic paroxysms were found. 
These, however, had disappeared after 5 days. In none 
of the patients focal abnormalities were provoked. 
After withdrawal of treatment no signs of abstinence 
were found. 


3. Epilepsy and spontaneous hypoglycemia in chil- 
dren. —— SvEN BRANDT, Copenhagen. 

Four case histories of children with rare hypo- 
glycemic periods were recorded, in which no endocrine 
dysfunction was found. Two patients gave signs of 
neurologic disorder by clinical examination, enceph- 
alography or EEG. The usual causes of spontaneous 
hypoglycemia are discussed. The hypothesis is offered 
that hypoglycemia may be an ictal epileptic manifesta- 
tion of hypothalamic dysfunction similar to other 
epileptic vegetative seizures, e.g. hyperthermia. 


4. EEG in old age. — B. HARVALD, Copenhagen. 
(To be published in Acta psychiat., neurol. scan- 
dinav. ) 


5. Clinical and electroencephalographic studies in 
399 patients with acute cranial traumas. — E. 
FRANTZEN, B. HARVALD and H. HAvuGsrTeED, Co- 
penhagen. 

(To be published in Acta psychiat., neurol. scan- 
dinav.) 
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III SOUTH AMERICAN CONGRESS OF ELECTROENCEPHALOGRAPHY 
AND CLINICAL NEUROPHYSIOLOGY 
Medellin, Colombia 
July 8-11, 1957 
General Secretary: Dr. ERNESTO BANCALARI 
Enrique Barrén 1054, Lima, Peru 


1. The EEG in the cerebral vascular accident. — 
Pauto Pinto Puro, ELI0ovA ZUKERMAN, ROSA 
HELENA LONGO, Mario L. MARTINEZ, RUBENS M. 
RrBerrRO and M. HELENA FRANCO DA Rocua Mo- 
REIRA, Sao Paulo, Brazil. 

The authors made a review of the literature 
regarding the EEG changes due to cerebral anoxia 
and those which are found in experiments such as 
compression or ligation of the internal carotid artery, 
as well as in patients with cerebral vascular disease. 
They admit that anoxia is responsible for the ap- 
pearance of signs suggestive of nervous tissue damage. 
These signs are depression and disorganization of the 
background activity followed by early appearance of 
delta waves which are then replaced by permanent 
depression of the background activity. 

The authors studied the clinical signs and the 
EEG changes in 170 patients with cerebral vascular 
disease, apopletic or not (table I), and analyzed them 
according to the interval of time between the onset 
of the disease and the moment when the EEG was 
obtained (table II), according to the presence or not 
of arterial hypertension (table III), according to the 
patient’s age (table IV), according to the progression 
of the disease to death (table V), according to the 
type of the lesion being mainly cortical or subcortical 
(table VI), according to the presence or not of signs 
of hemorrhage in the spinal fluid (table VII), ac- 
cording to the onset of the vascular disease (whether 
apopletic or not) (table VIII), according to the 
arteriographie findings (table IX) and, particularly, 
according to the sequence of EEG records obtained 
after the onset of cerebral vascular damage (table X). 

From this analysis they observed: (1) the EEG 
showed evident signs of cerebral tissue damage in 72 
per cent of the patients with cerebral vascular disease, 
whether the record was early or late; (2) there is an 
evident relationship between the interval of time after 
the onset of the stroke and the EEG pattern, there 
was a progressive disappearance of the signs in- 
dicating actual damage of the nervous tissue (disor- 
ganization of the background rhythm, delta waves) 
and persistence of signs which characterize residual 
lesions (depression of the cerebral electric activity). 
Signs of focal cerebral irritative lesion (sharp waves) 
were found in only a few cases and were found 
less frequently than convulsive signs; (3) there is 
no difference in the EEG between patients with or 
without arterial hypertension, between those with 
apopletie or non-apopletic strokes, between those pa- 
tients with cortical or subcortical lesions; there is 
no difference between these groups when the analysis 
is made from the general point of view or when 
it is made in function of the period of time between 


the onset of the stroke and the EEG examination; 
(4) in 8 cases the EKG signs of cerebral tissue damage 
(delta waves) persisted one year after the stroke; 
all 8 patients presented arterial hypertension; (5) the 
patient’s age did not influence the EEG record 
immediately after the stroke, neither did it show any 
influence on the clinical progression of the disease; 
(6) the EEG does not permit the differentiation be- 
tween patients with or without hemorrhagic spinal 
fluid; (7) EEG records are similar in those cases in 
which there are no arteriographic changes and in 
those cases where the arteriograms revealed suggestive 
evidence for arterial thrombosis; (8) cases which 
progressed to death showed EEG with diffuse and 
marked changes, particularly the presence of rhythmic 
slow waves, which are suggestive of damage to 
centrencephalic centers; (9) the EEG was repeated 
several times in 52 patients (in 28 cases the EEG 
was repeated within 30 days and in 24 it was repeated 
after one month) and it was observed that clinical 
improvement appears when delta waves disappear; 
when delta waves persist this does not necessarily 
imply that the clinical signs will not improve (mental 
confusion, aphasia and hemiplegia); the disorganisa- 
tion of the background rhythm runs parallel to the 
clinical course; the depression of cerebral electric 
activity, either local or diffuse, could persist even in 
cases in which the clinical signs have disappeared. 

Each one of these findings are discussed and the 
authors conclude that these EEG findings are in 
accord with the general clinical pathological point of 
view that the stroke is the result of a local cerebral 
damage, more acute and more severe, resulting from 
a more diffuse cerebral vascular accident; there is no 
difference from the EEG point of view whether the 
etiological factor is arterial hypertension, rheumatic 
vascular disease, heart failure or disseminated arte- 
riosclerosis; the only exception is probably the rheu- 
matic embolism. 

In the analysis of the EEG and the elinical 
signs, the authors call attention to the fact that 
when serial EEGs are obtained the changes in the 
record could originate in cerebral areas which do not 
produce clinical signs; on the other hand, subcortical 
lesions in the recovery stage could show clinical signs 
with no EEG changes. Both statements explain the 
apparent discordance existing between the results of 
EEG records and the clinical signs in these patients. 

The EEG is therefore a functional test of great 
value in the diagnosis of cerebral tissue damage in 
cases with cerebral vascular accidents and in the 
study of their development, giving important data for 
the treatment and the prognosis of the disease. Al- 
though, it does not have the same value as the 
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clinical findings in evaluating the possible defects 
resulting from these vascular accidents. 


2. EEG in the cerebral vascular diseases. — CARLOS 
VILLAVICENCIO, Chile and NELLY CIOFALO, Argen- 
tina. 


3. EEG in cerebral vascular accident. — CARLOS 
VILLAVICENCIO, Chile and NELLY C1ioFALo, Argen- 
tina. 


4. EEG in cerebral thrombosis. — PEpRo L. PONCE, 
Venezuela. 


5. EEG in cerebral vascular accident. — ALpo 
IMBRIANO, Argentina. 


6. Role of the cerebellum in the localizing and 
jumping reactions. — MIGUEL COVIAN and CESAR 
Timo Jari, Brazil. 


7. The action of mechanical vibrations on the 
electroencephalogram. — E. Garcia-AustT and 

E. F. MiGciiario, Montevideo, Uruguay. 

On the brain of a curarized awaken cat mechanical 
vibrations of ultrasonic and sonic frequency were 
performed with a small caliber rod. This was applied 
directly on the cerebral cortex or it was introduced 
into the thalamus or posterior hipothalamus with a 
stereotaxie instrument. 

It was established that subcortical structures are 
much more sensible than the cortex to the action of 
mechanical vibrations. A determined energy which 
when applied on the cortex did not produce local modi- 
fications, modified the electric activity of both hem- 
ispheres when it was applied to the thalamus or the 
hypothalamus. 

These modifications consisted of the substitution 
of the fast wake rhythm for a sleep rhythm with the 
characteristic spindles, and in a higher grade by de- 
creasing the general amplitude of the record. 

The alterations were bilateral but with an ipsi- 
lateral predominance and were reversible at variable 
times. 

These facts are connected with the physiology of 
sleep and experimental cerebral concussion. 


8. Chronaximetric studies in facial palsy. — Er- 
NESTO BANCALARI and Gino CostTA, Lima, Peru. 


Fifty seven cases of facial palsy ‘‘a frigore’’ 
were periodically studied from the clinical point of 
view as well as from the point of view of chronaxie 
values of the muscles involved. The following con- 
clusions were reached: 

1. 98.3 per cent of the cases had high chronaxie 
values during the evolution of the paralysis, and only 
one case (1.7 per cent) had normal values and re- 
covered completely before 18 days. 

2. In 80 per cent of the cases high values were 
found before 21 days after the onset. 

3. The abnormal chronaxie values were not similar 
in the paralyzed facial muscles but on the contrary 
were of different magnitude. 

4. It is very frequent (65 per cent) to find the 
chronaxie values of those muscles in the lower facial 
territory to be much greater (more than double) 
than those in the upper facial territory. 

5. Although normal chronaxie values or low ab- 
normal values correlate with good motor recovery, high 
values do not necessarily signify a bad prognosis. 


6. Those cases with prolongued (more than 2 
months) high chronaxie values of the peribuccal 
muscles had a strong predisposition toward facial 
hemispasm. 

7. In our cases none of the cases of facial palsy 
that returned to normal ehronaxie values went into 
hemispasm. 


9. Chronaximetric studies in radial palsy. — Gino 
Costa and Ernesto BANCALARI, Peru. 


10. EMG study of some reflex reactions in cerebral 
palsy. — M. A. Peristemn, M. Turner, N. Tur- 
NER and H. Eam, Chicago, U.S.A. 

The authors report the results of EMG studies in 
flexor and extensor muscle groups of arms and legs 
in 13 spastic and 10 athetoid patients. The following 
measurements were made: 

1. At rest: no activity was observed in 8 spastics 
and in 2 athetoids. Involuntary activity observed in 3 
spastics was continuous and constant. in location. On 
the other hand in 6 athetoids muscular activity was 
irregular in short and frequent outbursts of 1-2 see. 
and 1-5 sec. intervals, with irregular and umpredictable 
changes in their location. 

2. Deep tendon EMG reflexes responses: knee, 
ankle, bicipital jerks were of great amplitude and 
irradiated to antagonistic and distal group of muscles 
in 12 of 13 spastices. In two cases they were repetitive 
(clonus). In the athetoid group EMG reflexes re- 
sponses where either localized to the muscle explored 
(5 cases) or with irradiation to antagonistic or distal 
group of muscles but in an unpredictable and variable 
pattern from one to another stimulation. 

3. Plantar cutaneous stimulation: in the group of 
spastics EMG activity in the extensor of the toes 
group was detected in all the cases including in those 
in which no clinical Babinski sign was present. In the 
athetoid group equivocal or negative response was 
observed. 

4. Support reaction: evoked by proprioceptive 
stimulation (foreed hyperextension of wrist and 
fingers or ankle and toes) provoked in 11 spasties 
positive reaction consisting in simultaneous EMG 
activity in flexor and extensor groups of muscles. In 
athetoids it was pesitive only in 2 eases. 

5. Crossed reaction: painful sensory stimulation 
provoked a positive EMG response in the controlateral 
side in 11 spastics and only in 3 athetoids. 

6. Tonic neck reactions: passive and/or active 
movements of the neck evoked EMG activity in some 
of the groups of muscles explored in 9 spasties and 5 
athetoids, and no reaction in 2 spastics and 5 athetoids. 

7. Positional changes: from lying to sitting 
and/or standing positions provoked and increased 
EMG activity in 6 spastics and 6 athetoids. In the 
rest of the cases this reaction was not explored or 
the EMG was equivocal due to artefacts. | 

8. Associated or irradiated reactions: forced and 
voluntary activity of the controlateral and/or distant 
limb evoked an EMG irradiation in 10 spastics and 
5 athetoids. 

The action of some ‘‘relaxant’’ and ‘‘ataraxic’’ 
drugs were tested in 7 cases. Miltown and MR 710 
(new compound of Abbott) diminished EMG activity 
in 1, 4, 5, 6, 7 and 8 responses (polysynaptice path- 
ways ?) but did not affect very much the 2 and 3 
responses (mono or disynaptic ?). 

The authors concluded that the most important dif- 
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ferences between spasties and athetoids from the EMG 
point of view were to be found in the resting activity, 
the deep tendon reflex responses, the support reaction, 
the plantary reflex, the crossed reaction and the tonic 
neck reaction. That both categories share some patho- 
physiological mechanisms by which postural changes 
and associated reactions are exaggerated. 

The importance of these studies in correlation to 
anatomie and clinical findings is stressed in order to 
get a better understanding of the pathophysiology of 
the different groups of cerebral palsy and possibly to 
choose the convenient therapeutic approach. 


11. Electrodiagnostic studies in poliomyelitis: elec- 
tromyography chronaxy and _ strenght-duration 
curves. — M. Turner and H. NtwNez, Buenos 
Aires, Argentina. 

Electromyographiec examinations by means of 
needle and superficial electrodes were made in a group 
of 35 poliomyelitic patients, 6 within the first month 
after the onset of the disease, 17 within the first 
year and 12 from 1 to 15 years of evolution. 

The most constant and early EMG findings were: 
1. — Curves with smooth interference and individual 
spike potentials recorded even during a maximum 
effort of contraction, which are due to the reduction 
of the motor unit population. 2. — The ‘‘giant po- 
tentials’? (5 to 10 mV.) that appeared even in the 
cases examined during the first month of the disease, 
but may persist in later periods. For this reason one 
may suppose that these phenomena have their origin 
in ‘‘hypersynchronism’’ of undama'ged spinal cord 
motor-neurons rather than in hypertrophic muscular 
compensation. 3. — The ‘‘fibrillation potentials’’ 
(short potentials of 0.1 to 1 msec. and a characteristic 
high pitched noise in the loudspeaker) were not 
evident in any case prior to the first month of 
evolution. Hence, it does not seem to be a very 
early sign and would depend on the autorhythmicity 
and hyperirritability of the denervated muscular 
fibers. These potentials persisted in the cases with 11 
years of evolution and did not have, apparently, any 
relation with the severity of the injury. 4. — The 
complex polyphasic potentials, of long duration 
(10-14 see.) and irregular morphology were detected 
in the cases of positive recovery and in the later 
periods too. These would depend on the process of 
reinervation by ramification of the terminal axons of 
the undamaged neurons and would be the bioelec- 
trical expression of new motor units whose functioning 
would be somewhat asynchronous. These potentials 
would constitute a good prognosis because they would 
indicate that the disease is in regression. 

The chronaximetric examinations in series proved 
valuable in following the evolution and in establishing 
a prognosis. The rheobases varied in plus or minus 
without connection with the process. The intensity- 
duration curves were characterized by being broken, 
denoting fibers of different excitability, and being 
diverted upward and to the right, as a consequence 
of the loss of ability to respond to the excitation of 
short duration. The curves made by excitation through 
the motor points and through the motor nerves, re- 
vealed a greater separation and an inversion of their 
mutual relations. After the third month, if the evolu- 
tion was favourable, a return to normal was observed, 
with a descent of both curves, 

One may conclude that the combined electro- 
diagnostic method is a very. valuable procedure in the 
diagnosis and prognosis of poliomyelitis. 


12. Complex electrographic structure of temporal 
epilepsy. Its determination by deep electro- 
graphy. — ExLio Garcia-AusTtT, JAIME GOGACz, 
JorGe SAN JULIAN, EDUARDO ViGiL, L. PEREz 
ACHARD and ROMAN ARANA, Uruguay. 


Patients with temporal epileptogenic foci were 
studied with different types of electrodes: scalp, naso- 
pharyngeal, sphenoidal, cortical and deep intracerebral. 


A two part operation was practiced on the patients 
for surgical extirpation of the focus. In the first 
operation a craniectomy was practiced and cortical and 
deep electrodes were placed up to 24-32 distributed in 
the surface in the depth of the temporal lobe and 
on the orbital surface of the frontal lobe. In the 
second operation carried out 24 hours later the elec- 
trodes were removed and a large temporal lobectomy 
was performed. The temporal epileptogenic foci which 
was a single one in the recording obtained with the 
scalp, nasopharyngeal and sphenoidal electrodes hap- 
pened to have a complex electrographi¢ structure when 
studied with cortical and deep electrodes. In all of 
these cases several spike foci existed, which were 
located on the inferior face of the temporal lobe, on 
the uncus and in the amygdaloid region and discharged 
asynchronously. Among these foci there always was a 
more active one with polyphasic spikes higher in 
voltage and more constant and with a greater tendency 
to rhythmical discharge. 


This focus was preferentially located in the amyg- 
daloid region or in the uncus. The discharge recorded 
on the scalp was evident only when two or more 
deep foci synchronized their activity. This always 
happened when a wide area of the temporal lobe was 
synchronized. The form of the discharge recorded 
on the scalp was always more simple. 


Patients were studied awake and in spontaneous 
or induced sleep with Metrazol activation, electrical 
cortical and deep stimulation, and with sensory stimu- 
lation. Metrazol highly increased the duration and 
intensity of the discharges synchronizing the activity 
of several of the epileptogenic areas. Electrical stim- 
ulation produced the same result. When because of 
these effects a clinical attack was induced the syn- 
chronization was also produced in a very wide area 
of the temporal lobe and occasionally in the orbital 
surface of the frontal lobe. 

With this method it was possible to establish the 
complex electrographic structure of the focus con- 
stituted by a group of epileptogenic areas. The precise 
delimitation of these areas constituted a decisive 
criterion for surgical conduct of the surgical inter- 
vention. 

This group of psychomotor epilepsies represented 
from the electrographic point of view a real multi- 
focal type of temporal lobe epilepsy. 


13. Our electroencephalographic experience in tem- 
poral epilepsy. — JuLio Guersi and coll., Argen- 
tina. 


14. The temporal focus in childhood epilepsy. — 
ANGEL Argentina. 


15. The EEG in the tumours of the III ventricle. — 
CARLOS VILLAVICENCIO, Chile and Netty 
FALO, Argentina. 


| 
‘ 
| 
5 
‘ 


III SOUTH AMERICAN CONGRESS OF ELECTROENCEPHALOGRAPHY 739 


16. The EEG in the diagnosis and prognosis of 
cerebral abscess). — PaAuto Pinto Puro, A. 
MATos PIMENTTA and O. Barini, Sao Paulo, 
Brazil. 

The authors have obtained electroencephalographic 
studies in eases of cerebral abscess since 1951; these 
records were always obtained before any neurosurgical 
treatment was carried out and were repeated several 
times after the surgical intervention. The authors call 
attention to the important data that the EEG can 
offer to the diagnosis of cerebral abscess and to the 
prognosis of the patients who are operated on. 

Of 22 patients 20 had EEGs taken previously 
to the surgical treatment (among which 17 with 
repeated EEG after the operation) and 2 had EEGs 
taken only after the operation. These cases were 
studied clinically and electroencephalographically and 
the diagnosis was confirmed by arteriograms and by 
the surgical treatment. All patients were operated on 
and received antibiotics. 

In the group of patients with EEGs obtained be- 
fore the surgical treatment, the authors found diffuse 
changes in the records of the 20 patients (100 per 
cent), and focal changes consisting mainly in delta 
waves of 0.5-5-3 ¢/see. and of potential amplitude of 
400-500 wV in 19 cases; focal depression of the 
background rhythm in 11 cases; epileptogenic foci 
were found only in 2 cases. These findings very 
slow delta waves and focal depression of the basic 
rhythm represent very important data for the diag- 
nosis, particularly when studied in relation to the 
clinical picture. 

In the group of patients who had clinical and 
EEG examinations after the operation, the EEG 
records having been repeated during a period of time 
from one to 60 months, the authors found signs of 
active convulsive focus in 10 out of 17 patients. In 
the opinion of the authors this incidence is very high 
and it is in aceordance with the high incidence of 
epilepsy following cerebral abscess. The length of 
time between the operation and the onset of the focal 
activity varied from one to 25 months. Out of 10 
patients with focal activity and with clinical epilepsy, 
only 2 patients had presented focal activity before to 
the ‘‘healing’’ of the abscess. The authors discuss 
this problem and believe that the healing process, 
which is a slow mechanism, is responsible for the 
onset of these clinical and electroencephalographic 
manifestations. 

In the same group only 4 patients had normal 
EEGs during all the follow-up period; 2 patients had 
normal EEG for 5 and 15 months, but developed focal 
activity later on. 3 other patients had signs of 
damage to the nervous tissue (delta waves) from one 
to 3 months after the operation (patients with con- 
vulsive seizures or still with signs of abscess in 
evolution).1 In 6 cases there was some focal depression 
of the EEG after the operation and in 4 cases there 
were slight changes of the background rhythm, which 
were due to the healing process and were not corre- 
lated to any clinical signs. 

The authors conelude that the EEG is a very 
important auxiliary method for the diagnosis of 
cerebral abscesses for the prognostic evaluation of 
those cases treated surgically. When the EEG shows 
disappearance of acute signs of cerebral involvement, 


1 For several reasons the EEG changes found during the 
first month following the surgical treatment were not included 
in the present paper. 


a good prognosis can be expected. It may also show 
the early formation of an active convulsive focus, 
which is not only important for the prognosis, but 
also permits to institute a prophylactic anticonvulsive 
therapy. 


17. Pharmacologic action and EEG response of 
amphiliactil on the vestibular nerve. — 
ABRAHAM Mosovicu and J. Tato, Argentina. 


18. Electroencephalographic studies in poliomyelitis. 
— M. Turner and H. Notwnez, Buenos Aires, 
Argentina. 

Thirty six EEG controls were made in 31 children 
from 6 months to 10 years of age in the recent 
epidemic of poliomyelitis in Buenos Aires (summer 
1956). 

Nineteen normal and 15 abnormal EEG were 
obtained. The abnormalities in 14 cases were hyper- 
synchronous delta waves, bilateral, symmetrical and 
synchronous, diffuse or localized preferentially in the 
occipital and temporal areas. In only one case a 
generalized depression was observed. 

The EEG abnormalities were more frequent in the 
acute period of the illness (less than 1 month). But 
they were also found in the post-acute periods (more 
than 3 months of evolution) in 9 eases, 6 of which 
were affected by polioencephalomyelitis. 

In the group of children with respiratory forms 
of the disease (bulbar and high spinal) only one 
abnormal EEG was found in 11 eases; these eases 
were treated very early with therapeutic measures 
(pulmotors, rocking beds, bronchial aspiration, tra- 
cheotomy, etc.) ; they had not suffered from enceph- 
alitic symptoms and they were recorded in the post- 
acute stages. 

It is inferred that the pathological manifestations 
in the EEG records of poliomyelitic cases seem to be 
related to lesions of the subcortical formations (brain 
stem and diencephalon), can be correlated with en- 
cephalitic symptoms and that they are more frequent 
in the acute stages of the disease although they can 
persist in the post-acute stages. These facts may 
justify the use of neurolytic therapies (neurolysis, 
artificial hybernation, ete.) in the acute period of 
polioencephalomyelitis, and the EEG controls in the 
post-acute stages to detect and explain mental and/or 
convulsive disorders. 

No higher incidence of the encephalitic manifesta- 
tions seems to exist in the respiratory forms (high 
spinal and bulbar) when the anoxia was prevented by 
correct and opportune therapeutic measures. 

In every epidemic of poliomyelitis there is a 
remarkable interest for this EEG research to be 
correlated with elinieal and virologie characteristics. 


19. The EEG in detection of epilepsy in the Air 
Forces. — ERNESTO BANCALARI and G. GARCIA 
V., Peru. 


20. Enuresis and electroencephalography. — _ ER- 
NESTO BANCALARI and A. Garcia V., Peru. 


21. Use of paraldehide in the EEG of children. — 

PepRO Ponce, Venezuela. 

The author presents the good results of Paral- 
dehide injected intramuscularly in 100 eases of be- 
haviour problem, which were difficult to handle or 
in agitated children who were resistant to other 
sedatives. All the records obtained were very clear 
and completely free of rapid frequency artifacts. 
Although there were no complications the author re- 
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commends a previous examination of hepatic and 23. Clinical electroencephalography. — ALpo Im. 
respiratory functions. BRIANO, Argentina. 
22. The EEG in syphilitic encephalitis: — Atvaro 24. Electroencephalographic studies in men spraying 
CALDERON, Colombia. chloride insecticidis (Dieldrin). 
ANNOUNCEMENT 


AMERICAN ELECTROENCEPHALOGRAPHIC SOCIETY 


BOARD OF QUALIFICATION 


At the annual examinations held in St. Louis, Missouri, October 1, 1957, 
the following four candidates were certified by oral and written examinations. 


Charles Chaskiel Grossman Pittsburgh, Pennsylvania 
Michael G. Saunders Winnipeg, Manitoba, Canada 
Fernando Torres Minneapolis, Minnesota 
William P. Wilson Durham, North Carolina 


The 1958 examinations will be held in Baltimore, Maryland, on Tuesday, 
June 10th, before the annual meeting of the American EEG Society in Atlantic 
City. Formal application should be made to the undersigned. The closing date 
for such applications will be February 28, 1958. The written examination will 
be held in April 1958. 


The present Board consists of : 


Robert 8S. Schwab, Chairman Curtis Marshall 
John R. Knott, Secretary Jerome K. Merlis 
A. Earl Walker 


Booklets carrying the names and addresses of those qualified by the 
Board may be obtained by writing to the Chairman, Robert 8. Schwab, M.D., 
Massachusetts General Hospital, Boston 14, Massachusetts. 
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BOOK REVIEWS 
Edited by CHARLES E. HENRY 
ATLAS CEREBRI HUMANI. THE INNER STRUCTURE OF THE BRAIN 


E. LUDWIG and J. KLINGLER 
S. Karger, Inc. Basle, Switzerland, price: 75 swiss frances 


Little, Brown and Company, Boston and Toronto, price: $18.50, 136 pp. 


For many who consider macroscopical anatomy to 
be a closed chapter, publication of the ‘‘ Atlas Cerebri 
Humani’’ by Ludwig and Klingler must have come 
as a stimulating and unexpected surprise. For this 
work is rooted in the best tradition of Vesalian Ana- 
tomy and seems to be permeated by the spirit of the 
Old Master’s ‘‘Fabrica’’ and yet it is truly modern 
in advancing significantly our knowledge of the inner 
architecture of the human cerebrum. 

The writer of this review, who as a medical student 
had the privilege of being taught the principles of 
neuroanatomy by the two authors of this book, knows 
how uncompromisingly they were dedicated to the 
study of morphology, being anatomists in the true 
old sense of the word, for whom the study of form and 
structure still remained the foremost concern of their 
investigative effort. This essential concern with the 
study of morphology as such is the secret of this 
work’s success. It brings home to us, how incomplete 
our traditional methods of studying and teaching 
neuroanatomy really are and how they fall short of 
telling us the full story of the inner architecture of 
the human brain. Since for the authors of this Atlas 
the problem of brain anatomy was essentially one of 
morphology, they put all their efforts into developing 
a method of study, which would satisfy a morpho- 
logist’s criteria of disclosing the three-dimensional 
structure of the organ without undue disruption of 
natural structural and topographical relationships. In 
the quest for such a method the authors were able to 
overcome a basic difficulty with which the study and 
teaching of brain anatomy had hitherto always been 
burdened. This difficulty resides in the apparent 
impossibility of applying to the brain the principles 
of classical anatomical dissection techniques as used 
for other organ systems and which strive to demon- 
strate the natural structural and topographical rela- 
tionships of the component parts of a region or organ 
by following the inherent planes of cleavage and by 
avoiding to disrupt more than absolutely necessary 
the continuity of individual anatomical structures. 
For the study of the central nervous system this 
method was considered as technically impossible and 
the substitute of cutting the brain into a series of 
usually frontally oriented slices was therefore adopted 
as the most customary method of study. This forces 


the student to rely on his ability to translate in his 
own mind a sequence of two-dimensional slices into 
an integrated whole organ, a mental effort, which at 
best meets with only partial success. 

It is therefore a notable achievement that Klingler 
was able to develop a macroscopical dissection techni- 
que which permits application of the principles of 
classical anatomical dissection to the study of the 
human brain. Attempts to do this are not new. W. 
Hultkrantz in Germany and A. T. Rasmussen in the 
United States have done it with notable success. How- 
ever, the method developed by Klingler, by which the 
formaline-fixed brain is first frozen and then allowed 
to thaw, renders macroscopical dissection much more 
practicable than was hitherto possible, even to the 
point where it may be performed as a routine teach- 
ing method in the anatomy laboratory. 

An excellent collection of brain specimens beauti- 
fully dissected with this technique serves as the 
illustrative material for the Atlas. All those accustom- 
ed to think of the anatomy of the brain in terms of 
a series of frontal sections will find that virtually all 
the fiber tracts and nuelear masses visible in histo- 
logical slides can be dissected out clearly and can 
thus be demonstrated in their natural three-dimen- 
sional relationship with neighboring structures. 

In a series of 100 tables all the main fiber tracts 
and nuclei of the cerebrum are shown without cutting 
in any unnatural way through their mutual structural 
and topographical relationships. Each illustration 
consists of a large, high quality black-and-white photo- 
graph of a dissected specimen. Below each photo- 
graph is a smaller drawing of the same specimen in 
which all relevant structures are labelled with their 
latin name as listed in the Parisiensia Nomina Ana- 
tomica (P.N.A., officially adopted by the International 
Congress of Anatomy, Paris, 1955). The study of 
these tables discloses relations which would be hard, 
if not impossible to visualize with other methods and 
would be even more difficult to describe accurately 
in a text. 

The short introductory text to this Atlas is written 
in German, English, French and Spanish. It de- 
scribes Klingler’s dissection method and gives some 
comments on the nomenclature and the identity of 
certain structures shown in the tables. It does not, 
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however, represent a systematic text of neuroanatomy. 
This Atlas is not meant to supplant neuroanatomy 
textbooks, but to serve as a visual guide, which may 
be used in conjunction with any good neuroanatomical 
text. Its finest purpose, however, will be fulfilled if 
it ean induce those engaged in teaching neuroanatomy 
to take a fresh look at this problem and to try their 
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hand at the Klingler-method of brain dissection. To 
bring this method into the classrooms of our medical 
schools should not be impossible, since it has already 
been done for many years with notable success at 
the University of Basle, Switzerland, under the guid- 
ance of the authors of this Atlas. 

P. GLOOR, M.D. 


ELECTRODIAGNOSIS AND ELECTROMYOGRAPHY 
Edited by SIDNEY LICHT 
Elizabeth Licht, New Haven, Conn. 1956. 272 pp. $10.00 


It is always more difficult to be fair in a 
review of a book where there are multiple authors and 
this book, Electrodiagnosis and Electromyography, is 
an excellent example of this. There are twelve authors 
covering the ten chapters and two appendix sections. 
The first chapter on the history of electrical effects 
in living tissue and electrodiagnosis is surely the best 
one in the book. Most historical chapters are rather 
dull reading but this one is so arranged that anyone 
interested in the field of electrophysiology would read 
it carefully and completely since it covers the signif- 
icant developments by physicists such as Volta and 
great ‘scientists: such’ as’ Galvani and integrates the 
whole history with the development of the recording 
of electro-physiological phenomena in nerve and muscle 
up to the present time. This chapter indeed should be 
recommended reading for students of electroenceph- 
alography. 

The second chapter concerning apparatus is 
oriented towards the electro-diagnosis that is covered 
in most up to date departments of physical medicine. 
It rapidly covers the fundamentals and spends con- 
siderably more detail on such things as chronaxie, 
dermo-meters and electrical stimulators. The part on 
the cathode ray oscilloscope is very good and informa- 
tion that is of interest to the electro-physiologist con- 
cerning tape recorders and loud speakers is excellent. 
The chapter would be stronger if more details of the 
standard electromyographie unit were included. 

An outstanding chapter in this book is that on 
the physiology of skeletal muscle by Ernst Fischer 
which covers both the anatomical, biochemical and 
electrieal events in an unusually clear, coordinated 
‘manner. A most complete bibliography is included. 


The chapter on motor points and the technique 
of electrodiagnosis are complete but not unusual. 


The chapter on chronaxie is a bit over-detailed 
since the following one on strength duration curves 
is perhaps of far greater importance and interest to 
the clinician who is using electrical apparatus and 
doing tests of muscle and nerve function. 


The chapter on progressive and alternating cur- 
rents is more difficult reading and perhaps more 
theoretical than practical. 


The chapter on electromyography is excellent 
except that it carries far too few illustrations be- 
cause it reports, according to the title, one of the 
major features of the book. The authors of this 
chapter are to be congratulated in illustrating clearly 
the application of inkwriters to electromyography 
under the section called kinesiology studies. Again, 
examples mentioned in the test were not shown in 
illustrative form. 


Since this book was put together largely by experts 
in the field of physical medicine, and since electro- 
myography and electronic diagnosis is largely depen- 
dent clinically on such departments, it would seem 
that the appendices concerning electroencephalography 
and electroretinography were not necessary in this 
book. These two chapters are the weakest and most 
inadequate in this book and, like the human appendix, 
in most instances might well be taken out. Because 
of the number of excellent sections in this book it will 
be a very valuable asset to any clinical neurophysio- 
logical laboratory. 


Robert S. ScoHwas, M.D. 
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mechanism for precipitation of convulsive activity 
in, 562 

of guinea pig, electrical activity of, 558 

recruiting response in, 461 

single pulse stimulation and evoked response in 
cat, 569 

stimulation of, and dendritic potentials in man, 
453 

thresholds for motor responses following stimula- 
tion of, 726 


Cerebral Palsy, 
EMG study in, 737 


Children, 


EEG in mentally retarded, 735 

EEG in newborn, 372 

encephalopathy and epilepsy in, 563 

epilepsy and hypoglycemia in, 735 

head trauma in, 564 

morphology of wave-and-spike in, 563 

newborn, EEG studies, 568 

sleep study in, 567 

use of Noludar in EEG in, 176, 713 

use of paraldehyde in the EEG of, 739 

with brain injury, EEG and studies in sedation, 
176 


Chronaxy, 
in poliomyelitis, 738 
studies in facial palsy, 737 


Cingulate Gyrus, 
electrical stimulation of, 181 


Circulation, 
cerebral and epileptic seizures, 352 
cerebral, studies in brain injury, 83 


Clinical Evaluation of EEG, 
for operative indication in epilepsy, 351 
significance of disagreement of clinical, patho- 
logical findings and, 160 
the worth of a serial, 170 


CO., 
inhalation and EEG in cases of cerebral in- 
farction, 527 


Conditioning, 

activity of mesencephalic reticular formation dur- 
ing, 595 

and modification of sensory evoked potentials, 
362 

auditory stimuli, EEG response to, 585 

motor, during sleep and wakefulness, 561 

of an abnormal hypersynchronous discharge, 161 

reaction, topographical study of, 1 


Consciousness, 


and brain stem reticular formation, 375 
polygraphic method for recording modifications 
of, 177 


Convulsions, 
see Seizures and Epilepsy 


Convulsive Thresholds, 
in schizophrenics, 661 


Corneal-retinal Potentials, 
in clinical neurological practice, 171 


Correlation Analysis, 
cross, for detecting evoked responses, 340 
cross, for study of autonomy of alpha rhythm 
generators, 181 
of depth recordings from basal ganglia, 171 


Criminology, 
abnormal EEGs in a penal setting, 170 
EEGs in forensic alcoholism, 377 


DC Potentials, 


see also Steady Potentials 
cortical during thalamic stimulation, 577 
excitability during, 581 


Dendritic Potentials, 
evoked, in man, 173, 453 


Dental Restorations, 
producing EEG artefacts, 172, 337 


Depth Electrography, 


and correlation analysis, 171 
chronic in animals, 477 
during anesthesia and anoxia in man, 609 
EEG in behavior correlation, 623 
in man and limbic system stimulation, 562 
in man, technique, 533 
in temporal epilepsy, 738 
. lesions resulting from, 544 
rhinencephalic EEGs in human, 623 
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Depth Stimulation, 
in human, 176 


Diagnosis, 


incidence of positive clinical and EEG findings 
in, 359 


Diencephalon, 


see also Brain Stem 

control for blood pressure and seizures, 59 

electrical stimulation of, and action of anticon- 
vulsant drugs, 43 


Discharges, 
periodical paroxysmal, 369 


Dreaming, 
and psychic variations during, 673 


Drugs, 

see also Metrazol 

adrenaline and noradrenaline: effects on reticular 
system, 409 

alpha-phenyl-butyramide, effects on EEG and 
metabolism, 570 

amobarbital sodium for sedation threshold, 101 

analeptic, threshold convulsant levels in normal 
and epileptic monkeys, 163 

anesthetics, various types, and depth electro- 
graphy, 609 

anti-convulsant, and distortion in the seizure 
pattern, 168 

anti-convulsant medication in experimental ep- 
ilepsy, 355 

—— = scopolamine, EEG changes by EST, 

6-Azauracil, EEG and neurological changes with, 
180, 325 

barbiturate, activation in psychiatry, 570 

barbiturate effects on hippocampus and temporal 
lobe epilepsy, 441 

barbiturate for EEG activation, 380 

benactyzine (Suavitil), EEG during oral adminis- 
tration of, 716 

benactyzine (Suavitil) in psychiatric patients and 
EEG effect, 174 

bufotenine, effect in EEG, 170 

chlorpromazine and EEG of children, 177 

chlorpromazine and electrical activity of brain 


of cat, 191 

chlorpromazine and Reserpine in schizophrenia, 
182 

chlorpromazine and subcortical electrical activity, 
175 


chlorpromazine, EEG during treatment with, 735 
chlorpromazine for sleep tracings, 169 
chlorpromazine, individual differences in the EEG 
effect of, 159 
chlorpromazine, in epileptics, 367, 427 
chlorpromazine, sedation and convulsive thresh- 
holds in schizophrenics, 661 
chlorpromazine sleep for EEG activation, 355 
CNS stimulants, interaction with Reserpine, 419 
cocaine, and reticular activating system, 409 
convulsant and inhibitory action on cortical 
activity, 162 
convulsant, experimental study of, 361 
cycloserine, 381 
cycloserine and epilepsy, 567 
cycloserine in TB patients, 369, 566, 567 
Diamox, EEG and clinical observations, 359 
~—* in epileptic patients and EEG changes, 
3 


effects on reticular formation, 372 


Equanil, effect on EEG, 172 

ether, EEG changes during prolonged administra- 
tion of, 381 

Evipan sleep in temporal lobe epilepsy, 441 

Hypaque, EEG effects of intracarotid, 378 

isonicotinic hydrazide for EEG activation, 149 

LSD and mescaline, EEG in behavioral study, 623 

LSD 25, EEG studies, 359 

LSD 25, effect on reticular formation, 372 

Megimide, EEG and clinical response to, 180 

Megimide, in EEG of epileptics, 371 

methamphetamine and reticular activating system, 
409, 419 

methopromazine and electrical activity of the 
cat’s brain, 191 

Nembutal sleep and EEG quantitative study 
during development of, 560 

Noludar in pediatric EEG, 176, 713 

N-phthalyl-glutaminic-acidimid, for EEG activa- 
tion, 355 

papaverin, novocaine etc., effect upon epileptiform 
activity, 356 

paraldehyde, in EEG of children, 739 

. Pentothal and EST, 225 

Pentothal, EEG changes in epileptics, 367 

Pentothal intravenous for activation, 175, 180 

phenylephrine and reticular activating system, 409 

Placidyl in EEG, 380 

Placidyl, to induce sleep, 720 

Preludin in epileptics and normal controls, 356 

Pyrifer for activation, 357 

Reserpine, interaction with CNS stimulants, 419 

Reserpine, sedation and convulsive thresholds in 
schizophrenics, 182, 661 

serotonin, and reticular activating system, 409 

testing of anti-convulsant, 43 

various for activation purposes, EEG studies, 368 


Dysfunction, 
cerebral organic, response to photic stimulation, 


239 


Electrocardiography, 


fetal, during gestation and labor, 559 
from skull and heart-brain interaction, 559 


Electrodermogram, 
recorded simultaneously with EEG, 364 


Electrodes, 

for unit recording, see Microelectrodes 

implanted, see Depth Eiectrography 

monopolar and bipolar techniques for recording, 
377 

size, and thresholds for motor responses to cor- 
tical stimulation, 726 

sphenoidal, 379 

suction cup type, 733 


Electrohystereography, 559 


Electrolytic Lesions, 
constant current apparatus to produce, 551 


Electromyography, 
analysis of electrical neuronal activities, 360 
during recovery of peripheral paralysis, 557 
in cerebral palsy, 737 
in electrically stimulated healthy and pathological 
muscle, 360 
in latent tetany of the adult, 360 
in poliomyelitis, 738 
of uterine muscle during labor, 559 
study of induced and spontaneous muscle cramps, 
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Electrophoresis, 
in epilepsy, 354 


Electroretinography, 
in clinical neurological practice, 171 


Electroshock, 
effect of atropine and scopolamine upon EEG, 


158, 217 
prognosis and Pentothal-induced changes in, 225 


Electrospectrography, 
information provided by cerebral, 561 


Encephaloses, 
EEG findings in, 369 


Epilepsy, 

see also Seizures 

abdominal, 178, 571 

a = of pykno-epilepsy and unusual ictal EEG, 

and hypoglycemia in children, 735 

and rapid activity, 564 

and rheumatic fever, 375 

anti-convulsant medication and distortion in seizure 
pattern, 168 

centrencephalic, 708 

centrencephalic and spike-and-wave, 172 

cerebral circulation, oxygen supply and epileptic 
attacks, 352 

cerebral metabolism in, 354 

clinical variations of petit mal, 563 

differential diagnostic delimitation of, 349 

digestive’, clinical and EEG signs of, 356 

ey post-vaccinal encephalitis, EEG changes, 

EEG activation with chlorpromazine, 427 

EEG and peripheral convulsive discharges, 172 

EEG changes by intravenous Diamox in, 333 

EEG correlation between pathological intoxica- 
tion and, 378 

EEG investigation with use of Preludin, 356 

electrophoresis in, 354 

endogenous of the rat and anticonvulsive medica- 
tion, 355 

experimental, 353 

experimental, conditions for the development of 
seizures, 352 

experimental, convulsive discharges of single neu- 
rons, 353 

experimental, effects of various metals implanted 
in brain, 178 

experimental in monkeys, threshold convulsant 
levels of analeptic drugs, 163 

experimental, subcortical responses to focal motor 
cortex discharges, 164 

focal cortical and centrencephalic with spike and 
wave, 379 

focal, excitatory pattern in precentral foci, 355 

in infantile encephalopathy, 563 

intravenous Pentothal for activation, 175, 180 

latent, in children with behavior problems, 358 

latent, in conditions with disturbed mood, 358 

“laughing fits’, 571 

mesencephalic and hypothalamic influence on 
seizure duration, 171 

metabolism in, 354 

petit mal, focal changes and EEG in, 350 

prodromal symptoms as activating factor for EEG 
in epilepsy, 357 

psychomotor, in childhood, 350 

pyknolepsy, EEG studies in, 350, 708 

relation to cycloserine administration, 567 

role of non-specific cortical projections in, 374 


seizures and effect on blood pressure, 59 

seizure patterns associated with bilateral wave- 
and-spike, 557 

significance of EEG for treatment of, 351 

spread of epileptic excitation, 352 

status epilepticus, 366 

symptomatic, importance of EEG for operative 
indication in, 351 

temporal, deep electrography in, 738 

temporal lobe, EEG correlations with pathological 
intoxication, 378 

traumatic in children, 349 

treatment with D:amox and EEG changes, 359 

vegetative manifestations during petit mal attacks, 


563 


Evoked Potentials, 


and behaviour, 477 

auditory, in man, 362 

cortical sensory, modification during establish- 
ment of temporary connections, 362 

dendritic in human cortex, 173, 453 

electronic method for detecting, 340 

following depth stimulation in patients with neu- 
rologic disease, 176 

in auditory cortex of cat, 35, 301 

in cat's cortex, 569 

paradoxical inhibitory action of convulsants upon, 


162 


Excitability, 


excitation and, 351 
of cortical neurons during DC changes, 581 


Eye, 
flutter and frontal EEG rhythms, 568 
movements, during reading, 363 
movements, during sleep, 673 
potential level, diurnal variations, 382 


Facial Palsy, 


chronaximetric studies in, 737 


Fetus, 


EEG study through uterus, 568 
EKG studies in, 559 


Fever, 
rheumatic and epilepsy, 375 


Frequency Analysis, 
see Analysis 


Frequency Patterns, 


changes in mentally disturbed patients, 157 
in psychiatric patients and normal controls, 263 
variation and intelligence, 657 


Frontal Activity, 
and eye flutter, 568 


Frontal Lobe, 


syndrome and EEG, 505 
10/sec. rhythms, 561 


Frustration, 
theta rhythm as an index of, 376 


Gamma Motor Activity, 
hypothalamic influences, 391 


Gaze, 
electrographic study of, 560 


+ 
1, 


Guinea Pig, 
electrical activity of brain of, 558 


Hallucinations, 
photic stimulation in patients with, 368 


Head Trauma, 


and epilepsy in children and adolescents, 349 
cerebral circulation in, 83 

EEG studies in, 365, 564 

in children and vaso-motor disturbances, 564 
localized paroxysmal activities in recent, 365 
water content and electrical activity following, 176 


Heart, 
brain interaction, 559 


Hematoma, 


intracerebral, EEG studies in, 171 
intra-cranial, in adults, 564 


Hippocampus, 
activity of, during barbiturate sleep, 441 
electrographic activity with drugs in human, 623 


Hypoglycemia, 
and EEG, 523 


Hypophysis, 
see Pituitary 


Hypothalamus, 


thermoceptive structures influence on EEG, 391 
thermodetectors of, 371 


Hyperventilation, 
with positive acceleration, effect on EEG, 378 


Idiocy, 
juvenile amaurotic, EEG in, 735 


Infarction, 


cerebral, EEG and CO. inhalation in, 527 


Inheritance, 
of cerebral light sensitivity, 378 
Inhibition, 
in cerebral cortex, analogies of, 179 
paradoxical, produced by convulsants on evoked 
cortical activity, 162 
Intelligence, 
EEG frequency-pattern and, 657 


Ionization, 


and EEG, 180 


Ischemia, 
of the brain stem and respiratory center, 83 


Isolated Cortex, 


electrophysiological studies of chronic, 723 
factors in supersensitivity, 161 


Iso-Ohms, 

and relation lines in EEG, 557 
Jolly’s Test, 

for diagnosis of myasthenia, 558 


Kappa Waves, 
and eye flutter, 568 


Lambda Waves, 
and peripheral stimulation, 691 


Labor, 


EKG of fetus during, 559 
EMG of uterus during, 559 


Limbic System, 
and barbiturate sleep, 441 
behavior and EEG correlation under drug in- 
fluence, 623 


recording and stimulation, in man, 562 


Matricide, 
EEG findings in one case of, 570 


Medico-legal, 
abnormal EEGs in a penal setting, 170 
aspects of EEG and head trauma, 564 
aspects of EEG, findings in a case of matricide, 
570 
EEG in forensic alcoholism, 377 


Menstruation, 
EEG in menstrual disorders, 364 


Mental Activity, 
and EEG, 643 


Mental Retardation, 
EEG studies in children, 735 


Metabolism, 


cerebral, during EEG convulsive activity and 
petit mal attacks, 353 


Metals, 


epileptogenic effects of various implanted, 178 


Method, 
see Technique 


Metrazol, 

activation with Megaphen and, 355 

and other activating drugs, EEG studies, 368 

and other convulsive drugs, in relation to reticular 
system, 361 

effect on cortical and subcortical response to 
photic stimulation, 251 

threshold, 356 

threshold convulsant levels in normal and epileptic 
monkeys, 163 

to activate EEG in normal subjects, 169 


Microelectrodes, 
convulsive discharges of single cortical neurons, 


353 


synchronization of intracerebral neurons, 353 


Motor Activity, 
and cortical activities, influence of hypothalamic 
thermodetectors on, 371 
and hypothalamic influences, 391 
of body during sleep, 673 


Motor Cortex, 


excitatory pattern in pre-central foci, 355 

subcortical responses to focal epileptic discharges, 
in, 164 

thalamic afferents to pyramidal cells of, micro- 
electrode studies, 381 


Muscle, 
cramps, EMG study, 139 


Myasthenia, 
diagnosis of, 558 


Myopathy, 
experimental, electrical studies in, 179 
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Myxoedema, 
EEG studies in, 368 


Narcolepsy, 
EEG in, 109, 168 


Negro, 
EEG studies in, 531 


Newborn, 


EEG in, 372, 568 


Nystagmus, 
visual and proprioceptive, measurement of, 568 


Old Age, 


frequency analysis in old psychiatric patients, 173 
physiological functioning with normal and ab- 


normal EEG, 159 


Ontogenesis, 
of steady potential differences, 121 


Oscillation, 


neural, an experimental analysis of, 179 


Pacemaker, 
cerebral, 164 


Palmar Conductance, 
relationship with alpha amplitude, 131 


Paralysis, 
peripheral, EMG study in, 557 


Petit Mal, 
see Epilepsy 


Phase, 


interchannel, determination of, 175 
reversals, automatic graphic indicator of, 568 
shift in EEG, measurement of, 344 


Phenylketonuria, 


EEG findings in, 159, 735 
effects of diet on EEG, 376 


Photic Stimulation, 
and alpha driving, 161 
and photomyoclonic response, 373 
effect of Metrazol and Thiepental sodium on 
cortical and subcortical response to, 251 
inheritance of cerebral light sensitivity, 378 
in organic cerebral dysfunction, 239, 357 
in patients with hallucinations, 368 
stability of driving in relation to resting EEG, 174 


Pituitary, 
EEG in menstrual disturbances, 364 
hormones and modifications of rhinencephalic 
activity, 361 
tumors and EEG changes, 275 


Poliomyelitis, 
EEG study in, 569, 739 
electromyography and chronaxy in, 738 


Poriomanics, 


EEG studies in, 358 


Positive Spikes, 
14 and 6/sec., 165, 377, 570 


Posterior Fossa, 
lesions, suggestive and misleading EEG signs in, 
174 


lesions of, and EEG diagnosis, 364 


Pyknolepsy, 
follow-up and EEG studies in, 350 
with unusual ictal EEG, 708 


Psychiatry, 

abnormal EEGs in a penal setting, 170 

children with behaviour problems and latent ep- 
ilepsy, 358 

correlation of EEG findings and psychiatric dis- 
orders, 379 

EEG activation with barbiturate, 570 

EEG frequency pattern in mentally disturbed 
patients, 157 

EEG in poriomanics, 358 

EEG sleep study in, 375 

effect of chlorpromazine and Reserpine on seda- 
toe and convulsive threshold in schizophrenia, 

evaluation of organic features in childhood schizo- 
phrenia, 178 

—? analysis of aged psychiatric patients, 


frequency patterns in mental hospital patients, 263 

— stimulation in patients with hallucinations, 

sedation and convulsive thresholds in  schizo- 
phrenics, 661 

treatment with benactyzine and EEG effects, 174 


Psychogalvanic Reflex, 


and modifications of consciousness, 177 
Psychosurgery, 

EEG changes and personality in, 565 
Radio, 

EEG development, review of, 177 


Radio Frequency Transmission, 
for chronic stimulation of the brain, 151 


Rapid Activity, 
significance of, 564 


Reaction Time, 
visual, and tremor rhythms, 497 


Reading, 
displacements of the gaze during, 363 
efficiency of, in normal subjects, 364 
technique for study of, 363 


Recruiting Responses, 


DC changes during, 162, 381, 577 
in the rodent, 461 


Reflex, 
blink and relationship to photomyoclonic re- 
sponse, 373 
stretch, apparatus to study, 546 


trigeminal monosynaptic, electrophysiological 
study of, 360 


Respiration, 


breath-holding spells and EEG observations, 164 
during experimental seizures, 562 
electronically controlled, 555 


Reticular System, 
~ see Brain Stem 
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Rhinencephalon, 


see also Limbic System 

blood pressure alterations and amygdaloid sei- 
zures, 382 

electrical activity of, and pituitary hormone, 361 

electrical stimulation of, and  anti-convulsant 
drugs, 43 

in acute encephalitis, 370 

interrelations of entorhinal area with brain stem, 


309 


Rolandic Region, 
see Central Area 


Sedation, 
studies in brain injured children, 176 


Sedation Threshold, 


definition of, 101 
in schizophrenics, 661 


Seizures, 

activity in experimental epilepsy, 352 

activity, mechanism for precipitation of convul- 
sive activity in,.562 

amygdaloid, effect on blood pressure, 382 

aura of pain and pleasure, 571 

cerebral circulation, 352 

clinical patterns, and bilateral wave-and-spikes, 
557 

dissociation between EEGs and clinical phenom- 
ena, 172 

duration, mesencephalic and hypothalamic in- 
fluence on, 171 

during high temperature, EEG studies in, 359 

EEG and clinical studies of induced, 366 

EEG study during febrile, 166, 359 

electrical activity of the spinal cord in salaman- 
der, 175 

experimental, EEG and vegetative functions, 562 

generalized, method for recording in experimental 
animals, 348 

induced by cycloserine, 381 

in post-partum period, EEG findings, 167 

“laughing fits’, 571 

pattern and its distortion by anti-convulsant 
medication, 168 

patterns, activation with chlorpromazine, 427 

relation of, to sleep, 380 

spread of epileptic excitation, 352 

thresholds in schizophrenics, 661 


Septal Area, 
electrographic activity with drugs, 623 


Serial EEGs, 
the worth of, 170 


Skin, 
electrodermogram simultaneous with EEG, 364 
potential, mechanism of diphasic response, 169 


Sleep, 
body movement and dreaming, 673 
EEG and vasomotor adaptation in repetitive 
stimuli during, 374 
EEG study in psychiatric patients, 174 
in children of less than 3 years of age, 567 
induced by Noludar in children, 176, 713 
induced with Placydil, 380, 720 
in psychiatric patients and EEG studies, 375 
lack of necessity of sleep in EEG of temporal 

seizures, 379 

motor conditioning in man, 561 
Nembutal, EEG study during development, 560 
non-barbiturate for EEG activation, 380 


paroxysmal electrical silence in EEG of children 
during, 179 

psychic variations in EEG during, 673 

relation of seizures to, 380 

with barbiturate, and hippocampal activity, 441 


Society Proceedings, 


American Electroencephalographic Society, 157 

Central Association of Electroencephalographers, 
174, 568 

Danish EEG Society, 735 

Deutsche EEG-Gesellschaft, 349 

Dutch EEG Society, 557 

Eastern Association of Electroencephalographers, 
170, 178, 378 

Société d’Electroencéphalographie et des Sciences 
connexes de Langue frangaise, 360, 558 

South American Congress ag EEG and Clin. 
Neurophysiol., 736 

Swedish Clinical Neurophgainlegieal Society, 371 

The EEG Society (Great Britain), 177, 181, 372 

Western Society of Electroencephalography, 376 


Spike and Wave, or Wave and Spike, 
bilateral, clinical seizure patterns associated with, 


557 
complex, psychological condition 357 
in centrencephalic epilepsy, 172 
in cortical and centrencephalic seizures, 379 
morphology and relation to age in children, 563 


Spikes, 
14 and 6 per sec. positive, 165, 377, 570 


Spinal Cord, 


electrical activity of, in salamander, 175 


Status Epilepticus, 


and infantile encephalopathy, 563 
EEG and clinical studies, 366 


Steady Potentials, 


(see also DC Potentials) 
accompanying recruiting responses, 162, 381 
ontogenic development of, 121 


Stereotaxic, 
technique for electrode implantation in man, 533 


Stimulation, 


acoustic and auditory response in man, 362 

acoustic and evoked potentials, 35 

acoustic, and responses in cat’s brain, 301 

arousal effect on temporo-occipital discharge, 374 

auditory, conditioned and differential EEG re- 
sponses, 585 

conan of the brain of rat, by RF transmission, 

commen and electrode size: effect of thresholds, 

electrical, of cingulate gyrus, 181 

electrical, of muscle in man, 360 

electrical of the cortex, diencephalon, rhinence- 
phalon, 43 

excitation and excitability, 351 

of brain stem, and cerebral blood flow, 371 

of cortex and sub-cortex in cat, 569 

of nerve, in myasthenia, 588 

of rhinencephalic structures in man, 562 

of subcortical structures in the awake animal, 477 

of thalamus and cortical DC changes, 577 

of thalamus, in rodent, 461 

peripheral, and lambda waves, 691 
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rs, 


repetitive during sleep, EEG and vasomotor 
adaptation, 374 


Subcortical, 


see also Depth Electrography 

electrical activity and effects of chlorpromazine, 

recording in anesthesia and anoxia in man, 251 

response to focal epileptic discharges in motor 
cortex, 164 

response to photic stimulation, in cat, 251 


Synchronization, 
of neighboring intracerebral nerve cells, 353 


Syncope, 
EEG studies of, 365, 366 


Technique, 


an improved electrotoposcope, 182 

automatic indicator of phase reversals, 568 

electronic method for detecting evoked responses, 
340 

for brain stimulation by radio frequency trans- 
mission, 151 

for control of respiration, 555 

for control of restless of excited children with 
chlorpromazine, 169 

for cortical stimulation, 726 

for production of electrolytic lesions, 551 

for recording generalized convulsions in exper- 
imental animals, 348 

for recording ocular movements, 363 

integration method for study of auditory response 
in man, 362 

measurement of phase shift in EEG, 344 

on monopolar and bipolar recording, 377 

review of radio EEG development, 177 

simultaneous photographic records of several 
scope guns, 729 

temporal and special integration using the same 
apparatus, 364 

time lapse indicator for pen and scope recording, 
731 

to determine interchannel phase relationship, 175 

to study human tremor and stretch reflex, 546 

X-ray stereotaxic, for electrode implantation in 


man, 533 


Temperature, 
EEG in febrile convulsions, 166, 359 
hypothalamic thermodetectors, 371 
regulation mechanisms and EEG, 391 


Temporal Lobe, 
anatomical pathways from one to another, 173 
epilepsy, barbiturate sleep in, 441 
epilepsy, in childhood, 350 
seizures, lack of necessity of sleep activation in, 


379 


seizures, role of non-specific cortical projections 


in, 374 


Tetany, 
electromyographic study of, 360 


Thalamus, 
afferent to pyramidal cells of motor cortex, 381 
electrographic studies of connections with striatum 
and palidum, 291 


lesions of, and recruiting response, 461 

non-specific system, and DC changes, 381, 577 

non-specific system and steady potentials during 
recruitment, 162 

non-specific system in the rodent, 461 

non-specific system, role on psychomotor epilepsy, 


Theta Rhythm, 


and mental activity, 643 
index of frustration, 376 


Thyroid, 
insufficiency, EEG studies in, 368 


Time Indicator, 
foa pen and scope recordings, 731 


Tonus, 
physiological, microvibrations of the body, 362 


Toposcopy, 


an improved electroscope, 182 
spatial and temporal identification of alpha 
rhythm, 375 


Tremor, 


apparatus to study human, 546 
mechanism for producing, 373 
rhythms and visual reaction time, 497 


Training, 


“autogenic’’, EEG in, 566 


Tuberculosis, 
EEG of patient treated by cycloserine, 369 


Tuberous Sclerosis, 
EEG of patient treated by cycloserine, 369 


Uterus, 


EEG study of unborn fetus through, 568 
electrical activity of, during labor, 559 


Vascular, 


cerebral accident, EEG in, 736 


malformation cerebral, EEG in a case of, 705 


Vaso-motor Disturbances, 
in children with head trauma, 564 


Vegetative, 


functions, during experimental seizures, 562 

manifestations during petit-mal attacks, 563 

tonus, importance of background activity related 
to, 354 


Vibrations, 
mechanical, action on EEG, 737 


Visual, 


reaction time and tremor rhythms, 497 
system, electrographic study of gaze, 560 


Water Content, 
and electrical activity in brain injury, 176 
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